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ABSTRACT OF THESIS

INFLUENCE OF ERGOT ALKALOIDS ON RUMEN MOTILITY: TIME AND
CONCENTRATION OF ERGOVALINE + ERGOVALININE REQUIRED TO
IMPACT RETICULORUMEN MOTILITY
Fescue toxicosis is problematic for ruminant livestock, causing weight loss and low
productivity when fed endophyte-infected forages. Complete underlying mechanisms of
toxicosis are unknown therefore; the objective of the study was to determine if ruminally
dosed ergot alkaloids impact rumen motility. Cannulated steers were pair-fed a forage
diet and ruminally dosed with endophyte-free (E-) or endophyte-infected (E+) tall fescue
seed. An 8-h period of rumen motility collection began 4-h after feeding by monitoring
pressure change via a wireless telemetry and transducer system. In experiment 1, steers
were paired by weight and assigned to E- or E+ treatment. Overall, E+ steers had more
frequent contractions. On d 7 - 9, both treatments had lower frequencies and E- steers had
greater amplitude of contractions, which corresponded with decreased DM intake. In
experiment 2 steers remained in pair, but switched treatment. During the 57 d E+ steers
received titrated levels of ergovaline + ergovalinine. There was no difference between
treatments for frequency or amplitude of contractions, but increasing dosage, decreased
frequency (d 1 - 44) and amplitude, coinciding with lower DM intakes. Alteration in
rumen motility associated with changes in intake may be responsible for the decreased
productivity in ruminants consuming E+ forages.
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Chapter 1: Introduction
Festuca arundinacea, commonly known as “Kentucky 31” tall fescue, is a coolseason forage grass predominantly grown in the southeastern region of the United States
(Buckner and Bush, 1979; Pedersen, et al., 1990). Association between poor animal
production and consumption of fescue pastures was determined and it was discovered
that infection of the fungi Neotyphodium coenophialum was the cause of the problem
(Bacon et al., 1977). The relationship between tall fescue and the fungus is mutualistic
with the endophyte increasing abiotic and biotic stress tolerance in the forage while the
plant provides an optimum living environment for the microbe (Bacon, 1993). The
endophyte fungus, however, can result in negative impacts on the livestock or insects
consuming the forage (Rudgers, 2007).
Tall fescue toxicosis is an ailment seen in cattle grazing tall fescue pastures that
are infested with the endophyte fungus, Neotyphodium coenophialum, at high levels
(Bacon et al., 1977). Production problems associated with consumption of tall fescue
generally have been categorized as one of three disorders: fescue foot, bovine fat
necrosis, and 'summer slump' or 'summer syndrome’, now known as fescue toxicosis
(Schmidt and Osborn, 1993). Cattle grazed on endophyte-infected fescue stands tend to
have a decreased serum prolactin concentration (Schillo et al., 1988, Strickland et al.,
2011, Aiken et al., 2013), as well as reduced hypothalamic concentrations of dopamine
and homovanillic acid (a dopamine metabolite; Schillo et al., 1988), lowered
progesterone concentrations (Seals et al., 2005), and decreased serum cholesterol levels
(Bond et al., 1984b) leading to higher levels of saturated fatty acids in fat deposits
(Townsend et al., 1987).

1

Even though the rumen is the primary site of alkaloid liberation, degradation
(Westendorf et al., 1993; Moyer et al., 1993; DeLorme et al., 2007), and absorption (Hill
et al. 2011; Ayers et al., 2009) alkaloids do not alter degradation of feedstuffs, nitrogen
retention, or energy balance, (Koontz et al., 2015). Therefore, the depressed gains have
been associated with reduced the intake, not a deterioration of nutrient availability.
Additionally, vasoconstriction is seen in the ruminal artery and ruminal vein in cattle
consuming ergot alkaloids found in tall fescue (Foote et al., 2011). This constriction can
lead to a reduction in blood flow to or from the rumen, reducing the absorption rates of
vital nutrients and fermentative end products of digestion, which in return could be
responsible for the reduced productivity seen.
Much of the research on the underlying mechanisms of tall fescue toxicosis has
focused on the vasoconstrictive properties of the ergot alkaloids (Klotz et al., 2007;
Aiken et al., 2009; Foote et al., 2011, 2012; Egert et al., 2014b) and the alteration of
circulating hormone levels (Berde and Strumer, 1978; Thompson and Stuedemann, 1993)
as the main causes of the clinical symptoms. However, it has already been demonstrated
in small ruminants that ergot alkaloids leads to the alteration of rumen motility and
subsequently, liquid passage rate and dilution rate (Hannah et al., 1990, Poole et al.,
2009). Two studies conducted by Koontz et al. (2012) and Egert et al. (2014c) indicate
that cattle ruminally dosed with ground tall fescue seed is an adequate model in studying
the effects of endophyte on rumen motility in cattle. Therefore, the objectives of the
current study were to determine the time and concentration of ergovaline needed to
impact rumen motility in growing steers ruminally dosed with endophyte-infected tall
fescue seed.
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Chapter 2: Literature Review
Introduction
Tall fescue is an important forage in the United States, with a large portion of the
beef cattle cow-calf sector relying on the forage for production. The beneficial agronomic
qualities and resistance to abiotic and biotic stress make the cool-season grass well suited
for production in Southeastern United States. Additionally, the nutritive value indicates
that animals grazed on the forage should be highly productive, however, that is not the
case. Infection with the endophyte fungus imparts hardiness in the plant, but consumption
by cattle results in poor animal performance and other negative associative effects. Tall
fescue toxicosis the most common ailment seen in these cattle grazing the forage and can
be economically costly to producers. The central focus of much research surrounding
fescue toxicosis is that of the causative agents (ergot alkaloids) and altered biological
responses in the cattle that produce the symptoms seen. Still, full understanding of the
underlying mechanisms in not known and a remedy for the maladies seen has not been
established.

Tall Fescue
Short History of Tall Fescue in the United States
Tall fescue (Festuca arundiancea) is a common forage grass in the United States
that is indigenous to Europe, northern Africa, and western and central Asia (Hoveland,
2009). Tall fescue was introduced into North and South America in the late 1880s as a
contaminant in meadow fescue pasture seed (Festuca pratensis) brought in from Great
Britain (Vinall, 1909). From 1892 to 1900, the Kentucky Agriculture Experiment station

3

evaluated numerous grass species; among them were meadow and tall fescue, however,
the grasses were commonly mistaken for one another at the time (Hoveland, 2009).
Eventually, the agronomic differences between the two species were determined, and tall
fescue was found to be taller, more drought and cold resistant, with thicker stands that
better competed with weed species.
In 1931, Professor of Agronomy E.N. Fergus (University of Kentucky)
discovered an ecotype of the grass growing in Menifee County that stayed green with a
thick stand during the cold winter months (Fergus and Buckner, 1972). According to the
farmer, the grass was believed to have been growing prior to the 1890s in that location.
Seed samples were collected by Fergus to be analyzed and evaluated. In 1943, after
extensive testing in small plots at the university and around the state, University of
Kentucky released “Kentucky 31” as a cultivar of tall fescue (Fergus, 1952; Fergus and
Buckner 1972). The particular cultivar was marketed as a dependable and highly
adaptable grass that allowed grazing during most of the year with a high palatability to
foraging livestock. That same year, the USDA Soil Conservation Service recognized the
beneficial environmental effects of the grass and began planting and harvesting seed in
the southeastern United States to help spread its use (Tabor, 1952; Buckner, 1979). The
popularity of the grass grew rapidly throughout the 1940s and 1950s for use in pastures
due to the fact that no other cool season perennial grass was adapted to such a wide
variety of landscape (Hoveland, 2009). Furthermore, the grass had numerous soilconserving qualities that helped change the environment of the once barren winter ground
(Buckner et al., 1979). The thick sod formation and tough root system were ideal for
providing pasture year-round for cattle and helped prevent erosion in wet winters and
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early springs, especially along the hillsides and roadside (Hoveland, 2009), which were
most susceptible to soil loss.
As Kentucky 31 began its advancement in the southeastern United States, the Alta
cultivar of tall fescue was being developed in the northwest (Cowan, 1956). In 1916, a
cooperative between the Oregon Agricultural Experiment Station and the Forage and
Range section of the USDA began selecting tall fescue seed for production in the hot, dry
summer conditions. H.A. Schoth (ARS, USDA) began collecting seed from a farm in
Washington that withstood these adverse conditions, and through breeding with a
German and Kansas City, Missouri line to aid in the winter hardiness of the plant,
developed the cultivar Alta. The production of Alta tall fescue spread quickly in the
northwestern United States due to the fact farmers lacked a nutritious and hardy summer
grass for their livestock. By 1944, the cultivar was the first forage crop named and
registered by the Committee on Varietal Standardization and Registration of the
American Society of Agronomy (Buckner et al., 1979).
After the rapid increase of the Kentucky 31 and Alta cultivars seed production,
tall fescue had become the predominant cool-season perennial forage grown in the United
States (Cowan, 1956). There were approximately 30 - 45 million acres of tall fescue
fields in production by 1973. The grass soon became popular all over the country due to
its high adaptability and conservative qualities.
Throughout the 1950s, producers reported cattle grazed on high percentage tall
fescue pastures with lameness and other ailments, these issues soon were associated with
the ergot alkaloids produced from the endophyte fungus found in the grass (Maag and
Tobiska, 1956). During the 1970s numerous studies were conducted to characterize these
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symptoms and the idea of tall fescue toxicosis was classified (Guerre, 2015). However,
until 1987, a majority of tall fescue pastures were planted with seed from the original
Kentucky 31 pasture, meaning there was close genotype of the pastures and potential for
widespread endophyte infection (Shelby and Dalrymple, 1987). It was not until the 1980s
that endophyte- free cultivars of Kentucky 31 were released, yet, the new varieties lacked
persistence when grazed heavily (Aiken and Strickland, 2011). It became apparent that it
was not the genetic superiority of the endophyte-infected fescue that enhanced agronomic
performance, rather the mutualistic relationship with the endophyte fungus.

Production and Utilization in the United States Today
Since its introduction in the1940s, tall fescue has remained a popular ground
cover and forage in the transition zone of the United States. Tall fescue is mainly used for
pasture, silage, and hay for livestock, and as a cover crop for environmental conservative
efforts in much of the United States. Extensive research and improvements in the forage
have broadened the use of tall fescue in many aspects of production.
In 1999, it was stated that tall fescue was the foundation of, and one of the most
important forage grasses, for the beef cattle cow-calf production in the east-central and
southeastern United States (Hannaway et al., 1999). In this region, it was estimated that
approximately 25 million acres were in tall fescue production and 8.5 million cows relied
on the forage yearly. In addition to the southern United States, throughout the world tall
fescue is a high-valued forage due to its high yield potential and adaptation to a broad
range of climates and soils.
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Numerous agronomic and conservative qualities led to the growth in popularity of
the grass during the twentieth century. In more northern regions of the United States, the
forage is used in conservation seedings because Northern latitudes provide better climates
for production of other cool-season grasses that are more palatable and have less antiquality factors in livestock production than fescue (Hannaway et al., 1999). In the late
1970s, tall fescue was described as an easy establishing forage with a broad adaption to
soil types and geographic regions that allowed for a long growing season with low
management inputs (Burns and Chamblee, 1979) and use of the forage on roadsides
gained popularity. The grass is known as an excellent choice for ground cover because it
can form a dense sod with a deep root system fairly quickly (3-4 years) under continuous
mowing/grazing, which allows it to slow water runoff and improve filtration with its
persistent vegetative cover (Hannaway et al., 1999). The thick sod also helps control
erosion of soils by wind or water, which is beneficial on highly erodible lands (i.e. hills
or barren fields) (Joost, 2009). Fescue is also efficient at cycling nutrients and
accumulating heavy metals. Combined with its ease of establishment, these two features
make tall fescue an important crop in soil development and environmental health, as well
as remediation of contaminated sites.
Even with the livestock growth and production deficits seen in the 1970s through
the association of ergot alkaloids, tall fescue remained prominent forage and in the early
2000s a new cultivar- endophyte combination of tall fescue was released (Roberts and
Andrae, 2010). Inserting a new endophyte of the same species, but of a different strain,
scientists selected a new variety that did not produce the toxic alkaloids. With the altered
endophyte, this new fescue cultivar could be safely fed to livestock. This discovery led to
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the novel tall fescue having the agronomical benefits of endophyte-infected fescue and
the beneficial livestock growth seen with endophyte-free cultivars (Gunter and Beck,
2004). Stocker cattle preformed 47% better when grazed on novel fescue when compared
to conventional Kentucky 31 and lacked signs of fescue toxicosis. In addition, the 2004
grazing trials showed that three commercially available cultivars of the novel fescue
persisted as well in the southern United States as the endophyte-infected varieties. The
cost to renovate infected fields currently exceeds $600 per hectare, with most economic
analyses showing it to be a good long-term investment (Kallenbach, 2015) even though
positive returns to the production profit will not be realized for 7 years.
With the development and production of many new varieties (approximately 100
in 1999), tall fescue use in the turf industry also increased (Hannaway et al., 1999). The
development of low-growing, high-tiller density, and thin-blade cultivars led to the
popularity of tall fescue as lawn due to its persistence and wide climatic adaptability. In
the transition zone of the United States and in central-eastern China, endophyte-infected
tall fescue cultivars are the grass of choice for lawns. In a two-year study by Carrow and
Duncan (2003), twelve fescue varieties were assessed for drought and high heat tolerance
and new breeding strategies were implemented to increase the favorability of fescue for
use in turf industries and in environmental conservation efforts.

Taxonomy and Agronomic Qualities
Festuca arundiancea, commonly known as “Kentucky 31” tall fescue, is a coolseason forage grass predominantly grown in the southeastern region of the United States
(Buckner and Bush, 1979; Pedersen, et al., 1990). Tall fescue is polyploid (2n= 6x= 42
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chromosomes), monocot species that is wind pollinated (Ge and Wang, 2007). The forage
belongs to the Bovinea section under the genus Festuca (Buckner et al., 1979), a member
of the tribe Fescuceae in the subfamily Festucoideae (Terrell, 1968) and phenotypically
resembles its relative meadow fescue (Festuca pratensis). Both meadow and tall fescue
are closely related to perennial and annual ryegrass (Lolium perenne and Lolium
multiflorum) and hybrids between the species are used to improve the value of tall fescue
as forage for animal production (Hannaway et al., 1999). Individual fescue plants are
highly heterozygous, and normally each seed (and plant) is genetically unique, therefore,
a high level of genetic variation exists in tall fescue populations for several traits
(Hopkins, et al., 2009).
The perennial, tufted, bunch-type grass has culms (stems) that are erect, stout and
typically smooth, and can grow up to 2 meters in height (Terrell, 1979). Auricles are
either absent or short, the auricles and collar can be either ciliate or glabrous, and the
panicles (flowers) tend to be between 10 to 50 centimeters in length, broad, and loosely
branched. Each spikelet is elliptical or oblong in shape, and each contain 3 to 10 florets.
Membranous ligules, smooth leaf shafts and blades reaching up to 60 centimeters in
length and 3 to 12 centimeters in width characterize tall fescue grass. The leaf blades are
rolled when young, dark green in color, highly veined with a rough top and smooth
ventral side, and flatten out with maturity (Peeters et al., 2004). Tall fescue produces
numerous coarse, tough roots that lack stolons, but generally are compromised of many
short rhizomes that aid in its sod formation (Hannaway et al., 1999). The grass is deeprooted, which aides in its longevity and persistence as a forage in numerous soil types
(Lacefield et al., 2003).
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Like many cool-season forages, the peak growth period for tall fescue occurs
during the period of reproductive growth (typically the spring time) with a secondary
vegetative growth period occurring in the fall (Hannaway et al., 1999). Nearly two-thirds
of the annual growth takes place during the spring peak growth period. High yields of
forage are attainable from tall fescue pasture if managed properly. If grown on fertile
soils with adequate rainfall, 6 to 7 tons of DM per acre can be harvested annually,
however, yields of 2 to 4 tons of DM per acre are typically seen with minimal input and
low management practices (Lacefield et al., 2003).

Nutritive Value
Endophyte-infected tall fescue is typically associated with decreased nutritive
value of the forage, however, the relationship does not lead to poor forage quality
(Pederson et al., 1990) regardless of the cultivar used, method of harvest or preservation,
maturity at harvest, or location grown (Burns, 2009). Forage properties such as;
digestible DM, crude protein, cell wall content, and mineral content indicate that tall
fescue is a high quality forage that should allow animals to achieve good performance
(Schmidt and Osborn, 1993).
Apparent digestibility of protein, crude fiber, and cellulose digestibility decreases
as the grass matures (Brown et al., 1963). In addition, ether extract, and nitrogen free
extract become more digestible as the grass ages. Crude protein and in vitro DM
digestibility are greater during spring (boot stage of growth) and fall harvest (vegetative
with few reproductive tillers) and lower during the summer harvest of tall fescue (Soh et
al., 1984), and comparable to that of orchardgrass (Lacefield et al., 2003). Acid detergent
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fiber and neutral detergent fiber are higher in the summer harvest than during either
spring or fall (Burns, 2009). When looking at harvested forages, tall fescue and
orchardgrass both hold greater amounts of soluble carbohydrates in the green tissue and
fescue is able to retain its soluble carbohydrate concentration better into the cooler
months.
Seasonal trends tend to affect the nutritive value of tall fescue (Callow et al.,
2003; Burns, 2009), but also the accumulated forage mass can alter the nutritional profile
of the grass (Burns et al., 2002; Scheneiter et al., 2014). Over a four-year growth trial,
accumulated forage mass during the fall growth period was only 40% of the spring
accumulation (Scheneiter et al., 2014). During the spring growth period, neutral detergent
fiber increased as forage mass increased, however, the opposite effect was seen during
fall growth, suggesting that it is positively related to photoperiod. DM digestibility
decreases when accumulated foraged increases during spring growth and the alternate
trend is seen during fall accumulation periods, signifying as temperature during regrowth
increased, the DM digestibility of the forage decreased.

Endophyte Symbiotic Relationship
The association between poor animal production and consumption of fescue
pastures was determined and later it was discovered that infection of the fungi
Neotyphodium coenophialum was the cause of the problem (Bacon et al., 1977). The
origin of the endophyte fungus was traced back to European seed planted in eastern
Kentucky (Siegel et al., 1984), which was used to produce Kentucky 31 seed in the
1940s. The fungi originated as Acremonium coenophialum, however, once determined to
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be asexual in reproduction, the classification of the endophyte was changed to
Neotyphodium coenophialum to separate it from the sexual reproducing fungi, and then
moved to the Epichloë genus when further division of the family occurred (Leuchtmann
et al., 2014).
To date, most United States tall fescue pastures are infected with the endophyte
due to the high demand and large production volume of the seed from the original
infected Kentucky 31 samples (Hoveland, 2009). The majority of the endophyte is found
within the leaf sheath of the mature plant, with almost an equal quantity in the seed itself
(Siegel et al., 1984). Tall fescue endophyte is a seed disseminated fungus that cannot be
dispersed by pollen, wind, or rain. Consumption of infected seed by animals has the
tendency to not be altered in the gastrointestinal tract and feces can contain viable seed.
The relationship between tall fescue and the fungi is found to be mutualistic with
the endophyte increasing abiotic and biotic stress tolerance for the forage while the plant
provides the optimum living environment for the microbe (Bacon, 1993). The endophyte
fungus can either have beneficial effects on the host plant’s survival or negative impacts
on the livestock or insects consuming the forage (Rudgers, 2007). Infection of tall fescue
with the endophyte fungus can impart hardiness and persistence in the forage stands and
studies have shown endophyte infection can increase drought tolerance and decrease pest
damage to the fescue pastures (Ball et al., 1991).
Endophyte- free forage stands are preferred over infected forages for many
herbivore insect species (Crawford et al., 2010). Populations of oat bird cherry aphids
(Rhopalosiphum padi) and greenbugs (Schizaphis graminum), both common insect pests
of North American small grains, were found to be unable to survive on endophyte-
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infected tall fescue alone (Johnson et al., 1985). Finkes et al. (2006) found a significant
reduction in the crab spider (Thomisidae) and sheet web-weaving spider (Linyphiidae)
populations with the presence of the endophyte fungi and Grewal et al. (1985) associated
enhanced susceptibility of Japanese beetles (Popillia japonica) to predation due to
reduced intake and beetle mass when consuming endophyte infected tall fescue.
Neotyphodium coenophialum are able to produce ergot alkaloids, a mycotoxin that
reduces consumption of the forage by omnivorous and herbivorous mammalians
(Strickland et al., 2011). The reduction of herbivory by mammals and insects can reduce
biotic stress on the forage and increase tall fescue competitiveness in an ecosystem
(Rudgers and Clay, 2007).
Infected tall fescue has an increased speed of stomata closure during heat pressure
when there is lack of moisture present, yet, once peak stomatal closure is reached, water
loss from the cultivars does not differ (Buck et al., 1997). The quickened rate of stomata
closure prevents transpiration loss and gas exchange during early heat and drought stress
(Spyreas et al., 2001). Infected grasses are also able to develop lower osmotic potential
(West et al., 1990). Osmotic adjustments, or solute accumulation, in grasses results in the
maintenance of turgor and continued leaf growth during periods of drought (Hellebust,
1976). Osmotic alteration in the meristematic and elongating leaf tissues of infected
plants favor survival during drought, with younger material adjusting much more than
matured leaf tissue (West et al., 1990). In addition, greater tiller (root) numbers in
endophyte-infected forages has been observed (Nagabhyru et al., 2013). The increased
root biomass can lead to greater water retention and absorption during drought stress. The
larger root system of the infected plants can also lead to greater regrowth after harvest
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(Clay, 1987), potentially due to the increased sugars stored in the root systems
(Nagabhyru et al., 2013). Decreased transpiration, increased osmotic pressure, greater
tiller number, and better regrowth lead to increasing forage persistence and survivability
associated with the endophyte infection of tall fescue.
In addition to imparting hardiness onto an already established pasture,
Neotyphodium coenophialum, increases germination and seedling survival. Infected
varieties tend to have more filled seeds, meaning that a greater percentage of the seeds
have a caryopsis within the lemma and palea, key features for seed viability, and a greater
germination throughout a two week growth period (Clay, 1987). However, these
developmental advantages are only seen when adequate water and nutrients are available
to the germinating seeds (Bacon, 1993). Cheplick et al. (1988 and 1989) concluded that
an interaction between infection status and nutrient level existed and that seedlings from
infected seeds produced less biomass under low fertilization conditions when compared
to uninfected contemporaries.

Tall Fescue Toxicosis
Symptoms
The production problems associated with consumption of tall fescue generally
have been categorized as one of three disorders: fescue foot, bovine fat necrosis, and
'summer slump' or 'summer syndrome’, now known as fescue toxicosis (Schmidt and
Osborn, 1993). Fescue foot is a condition that typically occurs during the colder months
when cattle are grazing endophyte-infected grass (Browning, 2003). Cattle become lame
and have the potential to lose hooves, tips of tails, and ears due to a lack of blood flow to
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their extremities. Fat necrosis manifests as a deposition of hard adipose tissue in the
abdominal region. The pocket of hardened fat can interfere with digestion in cattle or
parturition in pregnant cows. Although fairly severe, fescue foot and fat necrosis are
relatively rare and it is tall fescue toxicosis or ‘Summer Slump’ that is most commonly
seen in cattle grazing endophyte-infected fescue pastures.
Tall fescue toxicosis is an ailment seen in cattle grazing tall fescue pastures that
are infested with the endophyte fungus, Neotyphodium coenophialum, at high levels
(Bacon et al., 1977). Secondary metabolites, known as ergot alkaloids, produced by the
endophyte fungus are the known to be the causative agents in fescue toxicity (Clay,
1988). The symptoms usually go undetected by producers because they are not overly
severe (Strickland et al., 2011). Typically seen in the summer months, the major
production problem associated with fescue toxicosis appears as decreased DM intake and
reduced weight gains. Affected cattle also have intolerance to higher ambient
temperatures accompanying an inability to shed a rough, thick winter coat, elevated rectal
temperatures (hyperthermia), higher respiration rates, and excessive salivation (Bush et
al., 1979; Hemken et al., 1981; Hoveland et al., 1983; Schmidt and Osborn, 1993).
Behavioral changes are also associated with cattle grazing high endophyte infected
pastures. Affected cattle spend less time grazing during the daytime and forage at night,
tend to seek shade during the heat of the day, and will wade in cool water (Bond et al.,
1984a and Hoveland et al., 1983).
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Animal Performance
In the early 1990s it was estimated that approximately 1.9 million cows failed to
conceive or suffered from embryonic loss due to fescue toxicosis (Hoveland, 1993).
Cattle grazing endophyte-infected pastures tend to experience lower pregnancy rate, lose
weight while nursing, and raise calves with lower average daily gains and decreased
weaning weights compared to cow-calf pairs raised on endophyte-free pastures (Schmidt
and Osborn, 1993). Caldwell et al. (2013) compared spring and fall-calving cows and
concluded that an increased calving rate and decreased calving interval was seen in fallcalving cows over spring-calving cows across treatments. Spring-calving cows
experienced greater weight loss during breeding and nursing when grazing infected
fescue and had lower body condition scores going into rebreeding for the next year,
however, decreasing endophyte infection in the pasture by 25% increased calving rates
by 36%. Additionally, there was no difference in calving rate comparing 75% infected
fields to novel endophyte fields, however, the calving interval was decreased in the novel
endophyte group during the spring. Time exposed to infected tall fescue does not affect
the 205-day weaning weight when compared to calves raised on endophyte-free pastures,
a decreased weaning weight is seen (Burke et al., 2004).
Fescue toxicosis can also impact bull-breeding soundness; lowered average daily
gain, reduced body weight, and decreased body condition scores are observable. Bulls
grazing infected forages have a decreased percent of normal cells due to an increased
number of primary abnormalities found in the sperm (Pratt et al., 2015). Sperm motility
and progressive motility are also decreased in the bull grazing infected pastures during
the warmer summer months (Looper et al., 2009 and Pratt et al., 2015). Reduced number
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of viable sperm and decreased sperm motility can lead to an increased infertility rate and
greater number of bulls failing breeding soundness examinations.
In the feedlot sector, cattle from the southern United States are often
discriminated against due to their rough hair coats, under-conditioned appearance, and
the carry over effects of fescue toxicosis (Schmidt and Osborn, 1993). Steers grazing
endophyte-infected tall fescue pastures tend to have lower live weights, reduced average
daily gains, and smaller ribeye areas than steers grazing endophyte-free or novel
endophyte stands (Duckett, 2001). When moved to a feedlot, compensatory gains can be
observed in cattle previously grazing infected stands, however, the finished live weight
remains lower, ultimately leading to a decreased price for the finished cattle. Another
study suggested that steers raised on endophyte-infected pastures experience reduced
gains while grazing, compensatory gains in the feedlot, and reach equivalent finished live
weights as cattle raised on endophyte-free fescue (Coffey et al., 1990). Schmidt et al.
(1993) compiled data suggesting that the time the cattle are moved to feedlot rations has
an effect on gains. Cattle moved from endophyte-infected fields to feedlot during the
cooler months saw compensatory gains, especially early in the transition period. Steers
moved during the warmer months did not experience accelerated gains, but average daily
gains were not reduced due to previous exposure to the endophyte (Piper et al., 1987,
Cole et al., 1987).

Underlying Mechanisms
Numerous underlying mechanisms are altered in cattle that experience clinical
symptoms of tall fescue toxicosis. Varied serum metabolite concentrations, altered
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ruminal kinetics, and vasoconstriction are major changes observed in the ruminants
undergoing toxicity. A decreased serum prolactin concentration is seen in cattle grazed
on endophyte-infected fescue stands (Schillo et al., 1988, Strickland et al., 2011, Aiken et
al., 2013) or when cattle are ruminally dosed with infected fescue seed (Koontz, et al.,
2012). Cattle on endophyte-infected diets have lowered hypothalamic concentrations of
dopamine and homovanillic acid (a dopamine metabolite; Schillo et al., 1988), depressed
progesterone concentrations (Seals et al., 2005), and lowered serum cholesterol levels
(Bond et al., 1984b) which leads to higher levels of saturated fatty acids in fat deposits
(Townsend et al., 1987).
Cattle consuming toxic levels of endophyte-infected tall fescue exhibit
hyperthermia (shown as increased rectal temperature) and extended periods of increased
respiratory rates (Hoveland et al., 1983). These physical symptoms indicate that infected
cattle are unable to adapt to higher environmental temperatures and are experiencing heat
stress. Greater alterations in respiration rate and rectal temperature are seen in warmer
environmental temperatures (Osborn et al., 1992). Heart rate and ear canal, pastern,
coronary band, and tail tip temperatures all become depressed with the consumption of
ergot alkaloids. Reduction of peripheral temperatures is indicative of reduced blood flow
to peripheral areas as a result of vasoconstriction. Vasoconstriction decreases the cattle’s
ability to dissipate body heat through evaporative and non-evaporative mechanisms and
elevated temperatures further compound infected cattle’s ability to regulate body
temperature (Schmidt and Osborn, 1993).
Depressed average daily gains have been associated with reduced intake seen, not
deterioration of nutrient availability. Endophyte consumption does not alter degradation
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of feedstuffs, nitrogen retention, or energy balance, but particulate passage and liquid
flow rate are both decreased with intake of endophyte-infected tall fescue (Koontz et al.,
2015). There is vasoconstriction seen in the ruminal artery and ruminal vein in cattle
consuming ergot alkaloids found in tall fescue (Foote et al., 2011). This vasoconstriction
can lead to a reduction in blood flow to or from the rumen, reducing the absorption rates
of vital nutrients and fermentative end products of digestion.
Rumen and reticulum motility are also altered with the consumption of tall fescue
infected with ergot alkaloids. In sheep, ruminal fluid volume tends to decrease as a result
of increasing fluid dilution rate and outflow rate with increased consumption of
ergovaline (Hannah et al., 1990). It was hypothesized that the increased rate of fluid
dilution and outflow was a result of either increased water consumption or due to more
frequent ruminal contractions. A prompt decrease in frequency of cyclical reticulum and
rumen contractions, followed by an increase in baseline tonus was observed immediately
after intravenous injection of ergovaline in sheep (McLeay and Smith, 2006; Poole et al.,
2009). Once contractions returned to normal cyclical patterns, an increase in reticulum
amplitude was seen. Sheep began to ruminate 2 to 2.5 hours after dosing.

Economic Impact
The extent of loss attributed to fescue toxicosis has made it the largest animal
health-related production cost for the forage based livestock production industry
(Strickland et al., 2011). In 1993, it was estimated that the negative effects of endophyte
cost over $350 million per year due to reduced calf numbers (Hoveland, 1993). An
additional $250 million is lost annually in reduced weaning weights in the United States
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beef industry alone. Over the past decade, the cow-calf sector has lost $160 per cow
yearly due to fescue toxicosis (Kallenbach, 2015). The loss of production, illness, and
other negative effects associated with the endophyte costs United States livestock
producers (cattle, equine, and small ruminants) up to $1 billion annually (Roberts and
Andrae, 2010 and Strickland et al., 2011).

Management
At present, there is no cure for fescue toxicosis. However, management strategies
have been developed that avoid or lessen the effect of toxicosis (Roberts and Andrae,
2010). One strategy is the replacement of toxic tall fescue with cultivars that are
endophyte-free or contain nontoxic endophytes and other strategies involving
management of toxic tall fescue pastures that limit the amount of the endophyte ingested
by the animals. Clipping seed heads prior to grazing, stockpiling forages for winter, and
increasing the biodiversity of pastures to reduce percentage of infected fescue consumed
are all used to decrease the incidences and severity of fescue toxicosis observed in cattle
(Roberts and Andrae, 2004). Integrating clean grain with ergot alkaloid contaminated
grain has a similar effect of increasing biodiversity of pastures due to dilution of the
toxicant below a certain threshold (Strickland et al., 2011). Rotating cattle out of fescue
pastures during mid to late spring (reproductive season), when the ergot alkaloid
concentration is highest, will reduce the consumption of toxic endophyte (Rogers et al.,
2011). Ammoniating infected tall fescue hay and increasing the grazing rate of pasture to
prevent plant maturity (in avoidance seed head appearance) has potential to alleviate
fescue toxicosis (Ball, 1997).
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Feeding a protein or energy supplement during grazing of infected stands can
dilute the alkaloid concentration and help maintain body condition of cattle (Richards et
al., 2006). Addition of yeast products and various minerals have been studied with
differing results on animal efficiency and gains (Strickland et al., 2011). However,
alkaloid bioaccumulation has been shown to have multifaceted effects on the physiology
of cattle and one treatment is unlikely to correct all the aliments observed with tall fescue
toxicosis.

Neotyphodium coenophialum Associated Alkaloids
Structure
The Neotyphodium coenophialum endophyte produces three classes of alkaloids.
In the early 1990s, Siegel et al. (1990), classified them as; pyrrolizidine, peramine, and
ergot alkaloids. Of the three classes, ergot alkaloids are most commonly associated with
tall fescue toxicosis in ruminant livestock.

Pyrrolizidine Alkaloids
The most common alkaloid found in tall fescue would be that of the pyrrolizidine
family, referred to as “lolines” due to the fact that they are derivatives of loline (Bush and
Fannin, 2009). Pyrrolizidine alkaloids of most plants are unsaturated between carbons 1
and 2 and are generally hepatotoxic and carcinogenic (Figure 2.1). However, when found
in tall fescue, loline alkaloids are a saturated double pyrrolizidine ring that contains an
oxygen bridge between carbons 2 and 7 of the adjoined rings. Predominant pyrrolizidines
produced by the most common endophyte strain are N-formylloline and N-acetylloline,
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additionally, loline, N-formylnorloline, norloline, N-acetylnorloline, and N-methylloline
are found (Blankenship et al., 2005). These structures only differ by a substitution on the
1-amino group (Siegel and Bush, 1996). The loline, N-acetylloline, N-formylloline, and
N-methylloline molecules all have a methyl group in position R1, with a hydrogen,
methyl acyl, aldehyde, or methyl group the R2 position respectively. N-acetylnorloline
and norloline both contain a hydrogen molecule in the R1 position with a methyl acyl in
position R2 in N-acetylnorloline alkaloids and a simple hydrogen in norloline. Lastly, Nformylnorloline contains an aldehyde in the first position with a hydrogen in the second.
Lolines are known to be broad-spectrum insecticidal compounds, but have little effect on
livestock and other vertebrae species.

Peramine Alkaloids
Peramine alkaloids are the only known pyrrolopyrazines found in endophyte
infected tall fescue (Bush and Fannin, 2009), however, it is seen in more grass-endophyte
relationships than any other alkaloid (Siegel and Bush, 1997). The peramine molecule is
composed of a lipophilic ring system with an attached hydrophilic guanidinium group,
both of which are unique to the alkaloid (Pirlo et al., 2007) (Figure 2.2). The
pyrrolopyrazine structure is a double ring with the top ring composed of four carbons and
a single nitrogen in the bottom ring (Bush and Fannin, 2009). Peramine’s primary
activity is as a feeding deterrent to insects with no apparent activity against mammalian
herbivores (Bush et al., 1997).
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Ergot Alkaloids
Three major classes of ergopeptine alkaloids exist, clavine alkaloids, lysergic acid
(and derivatives), and ergopeptine alkaloids. Unlike pyrrolizidine and peramine alkaloids,
ergot alkaloids are biologically active in animals and cause the symptoms associated with
fescue toxicosis (Strickland et al., 2011). The biological activity is due to the structural
similarities between the ergoline ring structure and biogenic amines serotonin, dopamine,
norepinephrine, and epinephrine.
All classes of ergot alkaloids are composed of a tricyclic peptide that differ only
in the amino acids in the first and second position; yet, all have proline in third amino
acid position (Figure 2.3). All alkaloids contain a tetracyclic ergolene- or ergoline-ring
that is methylated on nitrogen N-6 with a varying C-8 substitution (Kobel and Sanglier,
1986, Bush and Fanin, 2009). Most natural sources of ergoline rings have the C-5
hydrogen in β-position and tend to have a double bond between the C-8 and C-9 or C-9
and C-10 carbons (Flieger et al., 1997). Ergoline derivatives have two asymmetric centers
at the C-5 and C-10 or the C-5 and C-8 positions.
Clavines are hydroxyl- and dehydro-derivatives of 6,8-di-methyl-ergolene,
however, they have little to no biological importance (Kobel and Sanglier, 1986).
Ergovaline (an ergopeptine alkaloid) and lysergic acid amide are the predominant
members associated with tall fescue toxicity (Bush et al., 1997). A sample of endophyte
infected tall fescue revealed the incidence of five ergopeptine alkaloids-ergovaline,
ergosine, ergonine, ergoptine, and ergocornine, however, ergovaline accounted for 84 to
97% of the total ergopeptine alkaloids present (Lyons et al., 1986) and has been the
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center of fescue toxicosis research because of its associated vasoconstrictive properties
(Bush and Fanin, 2009).
D-lysergic acid and its derivatives (the ergopeptines) are responsible for causing
fescue toxicosis symptoms seen in cattle (Berde and Stürmer, 1978). D-ioslysergic acid
has little biological effect on the cattle consuming it, however, its high epimerization
potential indicates that it has potential to induce toxicity (Smith and Shappell, 2002).
Classic ergot alkaloids are all amide derivatives of lysergic acid (or isolysergic acid), the
substitution can either be a simple amino acid or a complex peptide (Kobel and Sanglier,
1986).
Ergovaline is an ergopeptine alkaloid composed of a tetra-cyclical ring with Lalanine as the first amino acid, L-valine in the second position, methane at position R1
and an isopropyl group at R2 (Bush and Fanin, 2009). Ergotamine mimics ergovalinine
with the exception of L-phenylalanine as the second amino acid and a benzyl group at the
R2 position. Ergosine closely resembles ergovaline, however, the molecule has L-leucine
at the second amino acid and an isobutyl group at the R2 position. Ergonine and
ergopeptine are similar tetracyclic rings with a L-2-aminobutyric acid in amino acid 1
position and an ethyl group in R1. Ergonine is completed with a L-valine as the second
amino acid with a propyl group in the R2 position. Ergoptine has L-leucine as its second
amino acid and the R2 position is filled with a butyl group. Ergocornine contains an Lvaline in both amino acid positions with a propyl group in position R1 and R2.
Ergovalinine is a diastereoisomer of ergovaline, and a high epimerization
potential between the two molecules is present (Smith and Shappell, 2002). The presence
of ergovalinine should also be taken into consideration when accounting for ergovaline
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concentrations due to its ability to epimerize into ergovaline. Another ergopeptine,
ergotamine, is found in much lower concentrations than ergovaline (or ergovalinine) in
tall fescue, but has a similar chemical structure (Yates et al., 1985). The only chemical
differences are a L-phenylalanine at the second amino acid position and a
benzylhydroxylamine group at the R2 position (Bush and Fanin, 2009).
Synthesis of all ergot alkaloids begins with the prenylation of L-tryptophan to
create dimethylallytryptophan, N-methylation and C-oxidation followed by a
rearrangement of the intramolecule, which leads to chanoclavine (Leuchtmann et al.,
2014). Oxidoreduction of chanoclavine generates argoclavine, which is then oxidized to
form elymoclavine (Watanabe et al., 1987) (Figure 2.4). Oxidation of elymoclavine
results in D-lysergic acid (Goodman, 1952), the biologically active alkaloid. Different
amide derivatives of lysergic acid are found naturally occurring in endophyte-infected
plants (Guerre, 2015). Simple byproducts are known as ergoamides, and more complex
derivatives, called ergopeptines, are formed with amino acids.

Modes of Action
As stated before, the similarity of the ergoline ring to serotonin, dopamine,
norepinephrine, and epinephrine, as well as noradrenaline (Strickland et al, 2011; Berde
and Strumer, 1978) allows the ergot alkaloids to bind to the biogenic amine receptors and
elicit negative effects in cattle consuming infected fescue (Strickland et al, 2011).
Biologically active ergot alkaloids cause vasoconstriction, which is believed to be the
foundation for the clinical symptoms observed during fescue toxicosis.
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Dopamine, noradrenaline, and serotonin are all neurotransmitters that regulate
appetite, cardiovascular function, endocrine activity, gastrointestinal motility, muscle
contraction, and thermo-regulation in mammals (Berde and Strumer, 1978; Thompson
and Stuedemann, 1993). Ergot alkaloids, specifically ergovaline, are able to interact with
the dopaminergic, alpha-adrenergic, and serotonergic receptors and can cause
pathophysiological alterations in cattle consuming endophyte-infected fescue. Serotonin
is found in the enteric nervous system where it has been associated with the control of
gastrointestinal motor function (Talley, 1992). A number of serotonin (Talley, 1992) and
dopamine (Berde and Strumer, 1978; Thompson and Stuedemann, 1993) receptor sites
have been identified in the gut and similarities between the ergoline ring of ergot
alkaloids and dopamine and serotonin enables ergot alkaloids to bind D2-dopamine and
5-HT receptors.
A decreased serum prolactin concentration is a common method for detection of
fescue toxicosis in ruminants (Hurley et al., 1980; Bolt et al., 1983). The anterior
pituitary secretions of prolactin is regulated by dopamine concentration (Lamberts and
Macleod, 1990), and due to the similar chemical makeup of ergovaline, the ergot alkaloid
is able to inhibit prolactin secretion by binding dopamine receptors (Goldstein et al.,
1979; Hurley et al., 1980). Additionally, Hurley et al (1980) demonstrated that normal
temperature-induced prolactin increase was inhibited with consumption of the endophytic
fungus.
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Metabolism and Absorption in Ruminants
It has been hypothesized that circulating alkaloids are metabolized via three main
routes. The alkaloids are either converted from ergopeptine form before excretion,
absorbed as ergoline alkaloids, or absorbed as both ergopeptine and ergoline alkaloids,
metabolized to ergoline and then excreted (Hill et al., 2001). Research completed by
Westendorf et al. (1993), Moyer et al. (1993), and more recently, DeLorme et al. (2007)
all lead to the conclusion that the rumen is the primary site of ergot alkaloid liberation,
degradation, and absorption (Hill et al., 2001; Ayers et al., 2009).
Approximately 94% of alkaloids consumed by grazing beef steers are excreted in
the urine and 6% appear in the bile after digestion (Stuedemann et al., 1998). The
appearance and disappearance of the alkaloids in urinary excretions occurs within 12
hours of switching animals from infected to endophyte-free pastures (and vice versa).
Between 50 to 60% of the ergot alkaloids fed to sheep were recovered in the abomasal
digesta and recovery was only 5% in fecal collections (Westendorf et al., 1993),
indicating the fraction of alkaloids disappearing in the reticulorumen likely represented
microbial degradation and absorption. Additions of endophyte-infected seed in rat diets
depressed performance, however, it was moderately alleviated by a 24-hour incubation of
the seed with rumen fluid contents (Westendorf et al., 1992). This result suggests that
toxicity of endophyte-infected tall fescue is lowered due to rumen microbial
fermentation. In addition to the fast appearance in the urine, the high solubility of ergot
alkaloids in rumen fluid indicates that the absorptive site in ruminants is most likely
anterior to the duodenum (Stuedemann et al., 1998).
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Ergovaline is relatively insoluble in rumen fluid. Moyer et al. (1993) found that
only approximately 40% of ergovaline consumed was soluble in vitro ruminal
fermentations and associated with the liquid fraction of the digesta. The soluble fraction
decreased linearly with time of incubation and only 5% remained after 48 hours. The
insoluble portion had an 82% recovery rate after the 48-hour incubation period,
suggesting that the insoluble ergovaline is less available for degradation and could be
isolated in a relatively indigestible component of plant tissue or chelated with the plant
(or fungal) cell wall. In an in vitro study, it was found that ergovaline was liberated from
digesta of the infected plant, decreased in rumen fluid as time of fermentation increased
(Moyer et al., 1993). When compared to autoclaved ruminal fluid, non-autoclaved
ruminal fluid inoculant produced a supernatant with a greater concentration of alkaloids,
indicating that the ruminal microbes are responsible for liberating alkaloids from plant
tissues and the lysergic moieties remain intact during digestion (Stuedemann et al., 1998).
The rate and extent of passage of lysergic acid and its amides was found to be
faster than that of ergovaline across gastric tissues, with approximately 60 and 45%
transported across ruminal and omasal tissue respectively (Hill et al., 2001, Ayers et al.,
2009). In 2007, De Lorme et al., established that approximately 35% of dietary
ergovaline and 248% of dietary lysergic acid were recovered in the feces and urine of
sheep feed endophyte infected straw. The appearance of lysergic acid in the feces and
urine is hypothesized to be due to microbial degradation of ergovaline in the rumen that
is then further broken down in the lower digestive tract (Moyer et al., 1993, DeLorme et
al., 2007). Ayers et al. (2009) demonstrated that as time of fermentation progressed, the
proportion of lysergic acid in in vitro ruminal fermentation increased and urinary
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appearance of lysergic acid developed in association with the ruminal appearance.
Moreover, they showed that compared to autoclaved ruminal fluid, rumen fluid with
viable mircoflora released a greater amount of ergot alkaloids during fermentation,
implying that the microbial digestion of plant tissue improves the solubility of alkaloids
in the rumen (Ayers et al., 2009).

Mechanisms Within the Vascular System
A clinical symptom of fescue toxicosis is vasoconstriction or the constriction of
blood flow. In 1993 Dyer determined that bovine uterine tissue contraction in response
to ergovaline reached maximum effects at two hours exposure and did not relax over a
three-hour washout period, demonstrating a high affinity of ergovaline for its tissue
receptor. Contractions to ergovaline were antagonized by ketanserin and
phenoxybenzamine, but not by prazosin or phentolamine indicating that 5-HT2 receptors
(not adrenergic receptors) are involved in the vasoconstriction in bovine tissues (Dyer,
1993). Using radiolabeled microspheres to measure vascular flow rates, it was
determined that flow rate to the skin covering the ribs was reduced in steers fed a diet
containing endophyte-infected fescue seed with 0.52mg ergovaline per kilogram (Rhodes
et al., 1991). Aiken et al. (2007) used Doppler ultrasonography to measure
hemodynamics through the caudal artery of heifers fed diets with endophyte-infected tall
fescue seed and reported vasoconstriction at 4 hours post-feeding the toxic diet, with
further reduction seen between 4 and 28 hours after initial feeding. These results lead to
the idea that ergot alkaloids must reach a threshold concentration in the circulation
system before there is maximum constriction.
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In vitro research by Klotz et al. (2006, 2007) indicates that the ergopeptines,
ergovaline and ergotamine, are more potent and efficient vasoconstrictors than lysergic
acid on the cranial branch of the bovine lateral saphenous vein (1 ×10−8 M ergovaline and
ergotamine vs. 1 × 10−4 M lysergic acid to initiate contractile responses). Additionally,
ergovaline-induced contractions at 1 ×10−4 M were not reversed by repeated buffer
replacement over 105-minutes indicating that there was no dissociation of ergovaline
from the receptor (Klotz et al., 2007).
An Aiken et al. (2009) study displayed a vasoconstrictive response of the caudal
artery in crossbred beef heifers 27 hours after initiation of a diet that contained 0.79 µg of
ergovaline per gram of DM and 51 hours after initiation of diet that contained 0.39 µg of
ergovaline per gram of DM. Declines in blood flow rates were detected at 51 hours for
both experimental diets, caudal artery luminal area and flow rates adjusted up and were
similar to baseline rates at 171 hours for the diet with less ergovaline and at 195 hours for
the diet with greater ergovaline. However, only low concentration of ergovaline is needed
to result in the vasoconstrictive effects that cause a reduction in peripheral circulation in
animals grazing endophyte-infected tall fescue (Klotz et al., 2007). The potency of 1 ×
10−8M used on the cranial branch of the lateral saphenous veins in the experiment equate
to approximately 5 nanograms ergovaline per milliliter of blood. A 2009 in vitro study
revealed that ergovaline, but not lysergic acid bioaccumulates with repetitive exposure,
leading Klotz et al. (2009) to hypothesize that ergovaline may have the greater potential
for inducing toxicosis in grazing animals.
When exposed to ergot alkaloids, the ruminal artery and veins (Foote et al., 2011,
2012) and the mesenteric artery and veins (Egert et al., 2014b) also undergo
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vasoconstriction. Ergovaline and ergotamine elicit a ruminal artery contractile response at
lower concentrations than other ergot alkaloids, with ergovaline causing the greatest
maximum contractile response (Foote et al., 2011). Additionally Foote et al., (2011)
determined that ergovaline and ergotamine elicits a contractile response at the lowest
concentrations on the ruminal vein, with ergovaline producing the greatest maximum
contractile response on the vein. However, ergotamine stimulates a similar response as
ergovaline in the ruminal vein unlike in the artery. Ergovaline induces a greater
contractile response in the artery when compared to the vein; however, ergotamine
produces similar reaction in both vessels.
A 2012 study by Foote et al. indicated pure ergovaline produced similar
contractile responses in ruminal vessels when compared to a mixture of ergot alkaloids
and endophyte-infected seed extract. Lysergic acid fails to cause a contractile response in
the ruminal vein or the artery (Foote et al., 2011) or in the mesenteric vasculature (Egert
et al., 2014b), this data and previous (Klotz et al., 2006) indicate that lysergic acid does
not cause vasoconstriction on bovine tissues.

Rumen Motility
Typical Movement Patterns
Reticulo-rumen motility is involved in the retention and mixing of digesta to aid
in the process of microbial digestion, rumination, and movement of digesta into the
omasum (Church, 1988). Coordinated cyclical contractions of the different chambers of
the stomach facilitate the movement of the digesta and occur approximately every 50 to
70 seconds in the reticulum. Reticulo-rumen movements can be divided into two main
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classes: extrinsic (primary) and intrinsic (secondary) contractions. Extrinsic contractions
are dependent on efferent (or motor) nerve impulses and are essential for the mixing of
rumen contents. Intrinsic contractions are low amplitude, continual contractions also
known as eructative contractions.
The primary reticulo-rumen contractions begin with an initial sharp contraction of
the reticulum, resulting in the reticulum shrinking about 50% of its resting size (Church,
1988). A second and more powerful contraction of the reticulum occurs and the wave
passes over the rumen, lifting the cranial sac due to the contraction of the cranial and
caudal and dorsal coronary pillars and compression of the dorsal sac. The contraction
continues over the caudodorsal blind, caudoventral blind, and ventral sacs and ventral
coronary and cranial pillars, followed by a wave of relaxation. The cyclical contractions
move ingesta from the reticulum to the cranial sac, dorsal sac, back through the cranial
sac and into the reticulum or ventral sac. The entire cycle takes between 30 to 50 seconds
when an animal is at rest.
Secondary ruminal contractions occur in the rumen and involve the dorsal
coronary pillar, caudorsal blind sac, and dorsal sac contraction and the relaxation of the
caudoventral blind sac that occurs after or during a primary contraction (Church, 1988).
The dorsal sac may contract independently during eructation, a process that takes about
30 seconds to complete. Secondary contractions can be initiated independently or
immediately following a primary contraction in the ventral blind sac and passes in a
circular path to the dorsal blind sac, dorsal sac, ventral sac and back to the ventral blind
sac with eructation occurring at the end of the contraction of the dorsal sac.
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Monitoring pressure change, it was determined that cattle consuming grass ad
libitum have a primary ruminal contraction approximately every minute and secondary
contractions at the rate of .64 contractions per minute (Waghorn and Reid, 1983). Typical
rhythm ratio of 1:1 primary to secondary contraction is seen in cattle at rest with four
main patterns of movement observed; reticular then dorsal; reticular then dorsal ventral;
reticular, dorsal than dorsal ventral; reticular, dorsal ventral, then dorsal ventral (Church,
1988).

Factors Affecting Motility and Passage Rate
Numerous dietary, environmental, and biological factors can lead to alterations in
the cyclical reticulo-rumen movements. Using a pressure sensitive biotelemetry system,
Mooney et al. (1971) reported that rumen fistulation decreased reticular contraction
frequency during rest and amplitude of contractions during eating in cattle. Utilizing
radiotelemetric technology, Cook et al., (1986) demonstrated that increasing rates of
dietary aflatoxin B1 and M1 decreased rumen contraction amplitude and frequency within
24 hours of consumption. Normal frequency and amplitude returned in 3 days after
cessation of aflatoxin consumption. In cattle, hypocalcaemia can alter rumen contraction
amplitude and frequency (Daniel, 1983). A significant decrease in frequency and
amplitude of ruminal contractions is seen with decreasing plasma calcium levels due to
calcium’s role in the stimulation of smooth muscle.
Early studies show that during feeding motility of the reticulum and rumen in
sheep is characterized by a high frequency of coordinated contraction sequences, with as
many as three per minute (Reid, 1963). Strong rumen contractions are seen during the
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first twenty minutes of feeding with a high level of tonic activity, with a return to cyclical
patterns of primary and secondary contractions approximately thirty minutes after
feeding. In cattle, reticulum frequencies of myoelectric events increased with feed
consumption and declined during the first four hours after feeding (Sissons et al., 1984).
In both sheep and cattle, the process of consuming a meal is associated with highest
contraction frequencies and the lowest primary frequency during rumination, with
secondary contractions similar between rest and rumination in cattle (Waghorn and Reid,
1983). Additionally, contraction amplitude is higher and duration is longer around
feeding and remained greater for approximately 8 hours after consuming a meal (Egert et
al., 2014c).
Fasting alters primary contractions in cattle a minimal amount (Waghorn and
Reid, 1983, Sissons et al., 1984), secondary contractions were decreased by
approximately 20%, and regurgitation for rumination increased as the time progressed.
Waghorn and Reid (1983) hypothesized that, “in cattle the stimulus for [primary]
contractions during resting is able to balance the requirements for [primary contractions]
imposed by the need for regurgitation during rumination”.
Ruminal acidosis (an increased accumulation of organic acids in the rumen)
reflects imbalance between microbial production, microbial utilization, and ruminal
absorption of organic acids is typically a result of increased availability of fermentable
substrates and subsequent accumulation of organic acids and reduced pH in the rumen
(Nagaraja and Titgemeyer, 2007). Non-dissociated volatile fatty acid concentration in
rumen fluid is increased in sheep ruminally dosed with high levels of grain and frequency
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of reticulo-rumen contractions decreased within four hours of dosage and a decrease in
contraction amplitude was seen within six hours (Crichlow and Caplin, 1985).
A positive relationship between reticular contraction frequency and liquid rumen
digesta turnover rate can been seen in cattle (Sissons et al., 1984). Additionally, animals
receiving higher proportions of forage in their diet have increased flow thought to be due
to increased rumination. However, Okine, et al. (1989) showed that cattle with weights in
the rumen (designed to represent increased intake) had decreased reticular contraction
frequencies during feeding and post-feeding, but increased passage rates. The duration of
reticular contractions before, during, and after feeding increased with increased weights
in the rumen, indicating a combination of rate, amplitude, and time of reticular
contractions is most likely to influence the rate of particulate passage.

Alkaloids and Alteration in Motility
A 1990 study with sheep showed that ruminal fluid volume decreased with
increasing levels of ergovaline in the diet, however, dilution rate (%h) and outflow rate
(ml/h) both increased whereas, particulate passage rates and bacterial efficiencies were
not altered (Hannah et al., 1990). The results lead to the hypothesis of possible increased
rate of ruminal contractions with increased intake of dietary ergovaline.
In sheep, intravenously administered ergovaline resulted in an immediate decrease
in frequency of cyclical reticulo-rumen contractions followed by an increase in baseline
tonus and reticulum contraction amplitude after frequency returned to baseline (McLeay
and Smith, 2006). The highest dose of ergovaline (5 nmol per kilogram BW) resulted in
the longest decrease in frequency of reticulum and rumen contractions and an increase of
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rumen contractions 2 to 4 hours after administration. Similar results were seen in
Sorraing et al. (1984), with a decrease of primary contractions in sheep intravenously
injected with dopamine. In vitro exposure of ovine reticulum tissue to both ergotamine
and ergovaline led to an increase in tonic contraction and amplitude of phasic
contractions (Poole et al., 2009). Peramine had no effect on reticular contraction
frequencies or amplitude, indicating that it is not an alkaloid associated with reduced
reticulo-rumen motility.
Much of the research on the underlying mechanisms of tall fescue toxicosis has
focused on the vasoconstrictive properties of the ergot alkaloids (Klotz et al., 2007;
Aiken et al., 2009; Foote et al., 2011, 2012; Egert et al., 2014b) and the alterations of
circulating hormone levels (Berde and Strumer, 1978; Thompson and Stuedemann, 1993)
as the main causes of the clinical symptoms. However, in small ruminants the alteration
of rumen liquid passage rate and dilution rate was apparent with increasing dietary
inclusion of ergovaline (Hannah et al., 1990). Additionally, recent research has indicated
that intravenous administration of purified ergovaline in sheep resulted in an alteration in
rumen motility (McLeay and Smith, 2006). Still, the practical implication of the results is
unknown in cattle because of the administration method, purified alkaloid extraction
used, and species difference from sheep (the animal model used in previous studies). Two
studies conducted by Koontz et al. (2012) and Egert et al. (2014c) indicate that cattle
ruminally dosed with ground tall fescue seed is an adequate model in studying the effects
of endophyte on rumen motility in cattle. However, there has not been published research
on the direct impact of ergot alkaloids on rumen motility in cattle.
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Conclusion
The beneficial agronomic qualities associated with endophyte-infected tall fescue
have made it a widely produced forage in Southeastern United States. The maladies
associated with the consumption of Neotyphodium coenphialum have initiated
considerable research in the field of livestock production with the need to discern the
causative mechanisms behind fescue toxicosis the central focus. The similarity of the
ergoline ring to biogenic amines allows the ergot alkaloids to bind to receptors and elicit
negative effects, such as vasoconstriction and depressed serum prolactin levels in cattle
consuming the infected fescue. Recent research has lead to the investigation of the impact
of ergot alkaloids on rumen motility due to the alterations of particulate and liquid
passage rate seen in ruminants exposed to ergovaline. The objective of the current study
was to determine the time and concentration of ergovaline needed for rumen motility
alteration in growing steers ruminally dosed with endophyte-infected tall fescue seed.
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Figure 2.1: Pyrrolizidine Alkaloid Structure (Bush and Fanin, 2009)

Figure 2.2: Peramine Alkaloid Structure (Bush and Fanin, 2009)

Figure 2.3: Ergot Alkaloid Structure (Bush and Fanin, 2009)
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Figure 2.4: Ergot Alkaloid Synthesis (Bush and Fanin, 2009)
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Chapter 3: Dietary exposure to ergot alkaloids alters motility of bovine rume
Introduction
The production problems associated with consumption of tall fescue generally
have been categorized as one of three disorders: fescue foot, bovine fat necrosis, and
'summer slump' or 'summer syndrome’, now known as fescue toxicosis (Schmidt and
Osborn, 1993). Tall fescue toxicosis is an ailment seen in cattle grazing tall fescue
pastures that are infested with the endophyte fungus, Neotyphodium coenophialum, at
high levels (Bacon et al., 1977), however, symptoms usually go undetected by producers
because they are not overly severe (Strickland et al., 2011). Major production problem
associated with fescue toxicosis appears as decreased DM intake and reduced BW weight
gains. Affected cattle also have an intolerance to higher ambient temperatures
accompanying an inability to shed a rough, thick winter coat, elevated rectal temperatures
(hyperthermia), higher respiration rates, and excessive salvation (Bush et al., 1979;
Hemken et al., 1981; Hoveland et al., 1983; Schmidt and Osborn, 1993).
Numerous underlying mechanisms are altered in cattle that experience clinical
symptoms of tall fescue toxicosis. A decreased serum prolactin concentration is seen in
cattle grazed on endophyte-infected fescue stands (Schillo et al., 1988, Strickland et al.,
2011, Aiken et al., 2013) and they tend to have reduced concentrations of dopamine and
homovanillic acid (a dopamine metabolite; Schillo et al., 1988), depressed progesterone
concentrations (Seals et al., 2005), and lowered serum cholesterol levels (Bond et al.,
1984b) leading to higher levels of saturated fatty acids in fat deposits (Townsend et al.,
1987). Cattle consuming toxic levels of endophyte-infected tall fescue exhibit
hyperthermia (shown as increased rectal temperature) and extended periods of increased
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respiratory rates (Hoveland et al., 1983). Heart rate and ear canal, pastern, coronary band,
and tail tip temperatures all become depressed with the consumption of ergot alkaloids
(Osborn et al., 1992).
The similarity of the ergoline ring to serotonin, dopamine, norepinephrine, and
epinephrine, and noradrenaline (Strickland et al, 2011; Berde and Strumer, 1978) allows
the ergot alkaloids to bind to these biogenic amine receptors and elicit negative effects in
cattle consuming the infected fescue (Strickland et al, 2011) causing vasoconstriction,
which is believed to be the foundation for the clinical symptoms observed during fescue
toxicosis. Dopamine, noradrenaline, and serotonin are all neurotransmitters that regulate
appetite, cardiovascular function, endocrine activity, gastrointestinal motility, muscle
contraction, and thermo regulation in mammals (Berde and Strumer, 1978; Thompson
and Stuedemann, 1993). Similarities between the ergoline ring of ergovaline and
dopamine enables binding to D2-dopamine receptors can cause pathophysiological
alterations in cattle consuming endophyte-infected fescue.
The rumen is the primary site of ergot alkaloid liberation, degradation
(Westendorf et al., 1993; Moyer et al., 1993; DeLorme et al., 2007), and absorption (Hill
et al., 2001; Ayers et al., 2009). It has been hypothesized that circulating alkaloids are
metabolized via three main routes; converted from ergopeptine form before excretion,
absorbed as ergoline alkaloids, or absorbed as both ergopeptine and ergoline alkaloids,
metabolized to ergoline and then excreted (Hill et al., 2001). Research has indicated that
fluid passage rate is altered with consumption of endophyte-infected forages and
particulate passage rate is correlated to DM intake rate (Goetsch et al., 1987). In sheep,
ruminal fluid dilution and outflow rate increased linearly with increasing concentrations
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of ergovaline consumed, yet, particulate passage rate was unaltered by ergovaline
(Hannah et al., 1990), which could lead to an increased dry proportion of ruminal
contents. In cattle dosed with endophyte-infected seed, DM content on a BW basis was
greater (Foote et al., 2013).
Koontz et al. (2015) found that in cattle, particulate passage rate decreased and
liquid passage rate tended to decrease with endophyte treatment resulting in greater DM
percentage and DM weight of rumen contents. These findings led to the hypothesis of
altered ruminal motility with exposure to ergovaline. A preliminary study conducted by
Egert et al., (2014c) employed the use of a wireless pressure transmitter and transducer
system to monitor rumen motility in cattle ruminally dosed with endophyte-infected tall
fescue seed. The objective of the current study was to determine the time (Exp. 1) and
concentration (Exp. 2) of ergot alkaloid exposure necessary to impact rumen motility in
growing steers intraruminally dosed with tall fescue seed.

Materials and Methods
The procedures used in this study were approved by the University of Kentucky
Institutional Animal Care and Use Committee. Experiments were conducted at the
University of Kentucky C. Oran Little Research Center in Woodford County, Versailles,
Kentucky.
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Experiment 1
Animal Management
Eight Holstein steers (BW = 282.5 ± 11.75 kg), fitted with rumen cannulas were
blocked by weight in a randomized complete block design. Steers were randomly
assigned to each treatment within block: E- (“KY 32”; 0 mg ergovaline + ergovalinine /
kg DM) or E+ (“KY 31”; 4.64 mg ergovaline + ergovalinine / kg DM; 2.33 mg
ergotamine + ergotaminine / kg DM). The E+ steers received 20 µg ergovaline +
ergovalinine / kg BW and E- steers received 0 µg ergovaline + ergovalinine / kg BW.
Tall fescue seed was analyzed for ergovaline, ergovalinine, ergotamine, and ergotaminine
content at the Kentucky Tobacco Research and Development Center, Lexington, KY,
USA via the HPLC/FLD (HPLC with fluorescence detector) method described in Foote
et al., 2014. Seed was ground to pass through a 3-mm screen in a grinder mixer (MX125,
Gehl, West Bend, WI, USA). Prior to feeding (0800 h), all steers were ruminally dosed
with 1.29 kg of tall fescue seed. A combination of E+ and E- seed was used to achieve
proper dosage and ensure equivalent seed weights to all steers.
Steers were housed indoors at the University of Kentucky C. Oran Little Research
Center, Versailles, KY in the Intensive Research Building at thermo-neutral conditions
(22°C) in individual 3 x 3 m stalls with ad libitum access to water. Steers were pair fed
alfalfa cubes (% composition on a DM basis: CP = 17.1; ADF = 39.5; NDF = 47.8; NFC
= 21.1; TDN = 57; NEm = 4.89 MJ/kg) at 1.5 x NEm once daily (0800 h). Dairy One, Inc.,
Forage Testing Laboratory, Ithaca, NY, USA analyzed forage sample for CP (AOAC,
(2012), ADF (ANKOM, 2011a), and NDF (ANKOM, 2011b). Pair feeding was utilized
to maintain intake consistent within block, thus the E- steers received the amount of feed
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the E+ pair consumed the previous day. Feed was top-dressed with approximately 20 g of
a trace mineral pre-mix (Kentucky Nutrition Service, Lawrenceburg, KY, USA;
guaranteed analysis NaCl = 92-96%; Fe = 9275 ppm; Zn = 5500 ppm; Mn = 4790 ppm;
Cu = 1835 ppm; I = 115 ppm; Se = 18 ppm; Co = 65 ppm) to meet nutrient requirements
(NRC, 2000).

Telemetry System
To monitor real-time pressure changes within the rumen, a wireless telemetry
system was used (emkaPACK4G telemetry system; emka TECHNOLOGIES USA, Falls
Church, Virginia). The entire system consisted of 2 receivers, 8 transmitters, and 8
transducers (bptVAP modules). The wireless receivers were mounted securely to the wall
outside of the pens and hardwired to a POE+ switch (8-port gigabit GREENnet POE+
switch, TRENDnet, Torrance, CA) that was then connected to a laptop. Cable
connections were made using CATe5 Ethernet cable and transducers were connected to
their corresponding transmitters using auxiliary ports. The method and analysis for the
collection of real-time ruminal pressure changes used in the current study were developed
and previously described (Egert, 2014a).
During collection periods, the transducer and transmitter were housed in a square,
plastic, airtight and leak-proof container with snap-lock lid (1.28L; World Kitchen, LLC,
Rosemont, IL, USA) that was kept in a small canvas pack (Army Surplus 200 round
ammo pouch) and secured to the back steer near the withers via an adjustable strap with a
metal looped lock. A stainless steel female luer lock bulkhead adapter inserted into the
bottom of the container served as the connection between the transducer and catheter and
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a female luer lock to 2.4 mm barb adapter connected the transducer to a 5.5 cm piece of
silicone tubing (i.d. = 2.4 mm; o.d. = 4.0 mm) attached to the barb of the bulkhead
adapter. The transducer was adhered to the side of the container with Velcro to prevent
kinks in the tubing and cheesecloth was placed in the bottom of the container to prevent
excessive movement.
A 96 cm catheter made of Tygon tubing (i.d. = 3.2 mm; o.d. = 6.4 mm) with 10
fused Tygon tubing cuffs (i.d. = 6.4mm; o.d. = mm) for 25 cm (approximately 1 cm
apart) was used to connect the balloon to the transducer. The cuffs ensured the balloon
and weights were properly secured and would remain in position once placed into the
rumen. One end of the catheter contained a Collection 1 Shut-Off Female quick coupling
with barb (3.175 mm; Kent Systems, LLC, Loveland, CO, USA), secured with a small
zip tie and the opposing end housed a 60.9 cm latex balloon (Party Magic USA, Bucks
County, PA). Balloons were secured to the catheter using latex castration bands (Ideal
Instruments, Neogen Corporation, Lansing, MI), which were then clamped tightly over
the catheter with plastic hose clamps (acetyl copolymer; i.d. minimum = 11.4 mm; i.d.
maximum = 13 mm; Cole-Palmer Instrument Co., Vernon Hills, IL).
The balloon was filled with 2.0 kg of warm tap water and weighted with roughly
300 g (4 large washers anchored via zip-ties to the catheter approximately 5 cm above the
top of the balloon) before being placed in the ventral sac of the rumen. Balloons were
removed at the end of each collection with new balloons used each day of motility data
collection. After the balloons were positioned in the animal, air was removed from the
catheter line and transducer; the transducer was re-capped, secured to the container via
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the Velcro, and the container (housing the transmitter and transducer) was placed into the
canvas sack and secured to the side of the animal via a zip tie.

Signal Calibration
Each transmitter and transducer combination was manually calibrated using a
sphygmomanometer connected to the “out” port of the transducer. Calibration was
performed in the two-point (60 and 180 mm Hg) sample mode of iox2 software (iox
2.9.4.27, emka TECHNOLOGIES USA) before data collection on each day during the
collection period. To verify that calibration was successful, various amounts of pressure
were applied with the pressure gauge to check that values on the gauge matched the
values displayed on iox2 software.

Data Collection and Analysis
Over the 21 d of ruminal seed dosing, an 8 h data collection period began 4 h after
feeding every other day (d 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, and 21). Data were recorded
and stored using iox2 (iox 2.9.4.27, emka TECHNOLOGIES USA) software with a
sampling rate of 100 pressure readings per second.
The iox2 rhythmic analyzer was used in conjunction with raw data collection to
identify ruminal contractions and determine the baseline and peak pressure for each
event. The data log and storage was set to event related mode, calculating the baseline
and peak for each event. To be defined as an event (or contraction) the pressure signal
must have increased at least 4.0 mm Hg from the baseline. Frequency of contractions was
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calculated by hand-counting the number of peaks that were greater than the 4.0 mmHg
threshold.
Individual orts were weighed back daily for each steer to determine intake and
calculate the amount of feed to be offered to the control steer in each block. Individual
water intake was recorded daily using water flow meters prior to feeding (0800 h) and
prior to collection (1200 h) and at the end of collection (2000 h) on collection days.

Blood Collection
On d 1, 7, 14, and 22 blood (approximately 10 mL) was collected via jugular
veinapuncture immediately before dosing of seed using a non-heparinized vacutainer
tube. Blood samples were allowed to clot for 24 h at 4°C and then centrifuged at 1,500 x
g for 25 min (4°C) to collect serum. Serum prolactin concentrations were analyzed via
radioimmunoassay (RIA) as described in Koontz et al., (2012). Inter- and intrassay were
4.42% and 7.35%, respectively.

Ruminal Evacuation
On d 22, prior to feeding (0800 h) rumen contents were emptied manually through
the cannula, mixed, and weighed. Ruminal fill was determined for each steer via weight
of ruminal contents. Three samples of approximately 100 g from each animal were
incubated in a 55°C oven overnight for DM analysis. The remaining contents were
returned to the rumen immediately following sampling.
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Statistical Analysis
Statistical Analysis Systems software (SAS 9.4; SAS Inst. Inc., Cary, NC) was
used to analyze the data. Values for amplitude and frequency were collected for each
animal hourly and were averaged for each day. Averages were analyzed as a randomized
complete block design for the effects of seed, day, and the interaction of seed by day.
Means for the variables (serum prolactin, frequency, amplitude, DM intake, and water
consumption) were analyzed using Proc GLIMMIX considering animal a random effect
with day the repeated measure, with lowest BIC used to determine the best model for
covariance structure. Polynomial Orthogonal contrasts were used to determine effects of
day on serum prolactin concentration. Ruminal content measures were analyzed as a
randomized complete block design for effect of seed . Probability of Type 1 error less
than 0.05 was considered significant and probability of Type 1 error less than 0.10 was
considered a trend.

Experiment 2
Animal Management
The same eight ruminally cannulated Holstein steers (BW = 322.16 kg ± 18.49
kg) from Exp. 1 remained in pair for this experiment. After a 42 d washout period, the
treatments were reversed and control steers from Exp. 1 received E+ seed in this
experiment. Block 1 and 3 were removed from the study on d 46 and d 54, respectively,
due to very low feed intakes associated with the E+ treatment. The same seed from Exp.
1 was used in the current experiment. The E+ steers received 5 µg ergovaline +
ergovalinine / kg BW d 1 - 14; 10 µg ergovaline + ergovalinine / kg BW d 15 - 28; 15 µg
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ergovaline + ergovalinine / kg BW d 29 - 43; and received 20 µg ergovaline +
ergovalinine / kg BW d 44 - 57. E- steers received 0 µg ergovaline + ergovalinine / kg
BW d 1 - 57. Cattle were weighed on d 15, 29, and 44 to adjust seed weight to meet dose
requirement on a BW basis.
The tall fescue seed was analyzed for ergovaline, ergovalinine, ergotamine, and
ergotaminine content as described above. Seed was ground to pass through a 3-mm
screen in a grinder mixer (MX125, Gehl, West Bend, WI, USA) prior to feeding (0800
h). All steers were ruminally dosed with 1.46 kg (d 1 - 43) or 1.67 kg (d 44 - 57) of tall
fescue seed. Total seed weight increased due to increasing weight of cattle and a need to
maintain seed weights constant across steers. A combination of E+ and E- seed was used
to achieve proper dosage and ensure equivalent seed weights across individual steers.
Steers were pair fed the same alfalfa cubes diet as the previous experiment at 1.5
x NEm once daily (0800 h) top-dressed with the trace mineral pre-mix to meet nutrient
requirements (NRC, 2000). Again, pair feeding was utilized to maintain intake consistent
within block. After observations of frothy conditions of rumen contents and to avoid
complications due to bloat, cattle began to receive 20 g of poloxalene (Bloat Guard),
mixed in with the fescue seed on d 29. Steers were housed indoors in the Intensive
Research Building at the University of Kentucky C. Oran Little Research Center,
Versailles, KY, USA at thermo-neutral conditions (22°C) in individual 3 x 3 m stalls with
ad libitum access to water.
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Telemetry System and Signal Calibration
The wireless telemetry system and signal calibration was the same as described
previously for Exp. 1.

Data Collection and Analysis
Over the 57 d of ruminal seed dosing, an 8 h data collection period began 4 h after
feeding at the end of each dosing period (d 13, 14, 27, 28, 41, 42, 43, 56, and 57). Day 42
of the experiment was repeated on d 43 due to technology issues, therefore the last dose
period began d 44. Data were recorded and stored using iox2 (iox 2.9.4.27, emka
TECHNOLOGIES USA) software with a sampling rate of 100 pressure readings per
second.
The iox2 rhythmic analyzer was used in conjunction with raw data collection to
identify ruminal contractions as previously described.
Individual orts were weighed back daily for each steer to determine pair feeding
as previously described.

Blood Collection
On d 1, 15, 29, 44, and 58 blood (approximately 10 mL) was collected for
prolactin analysis as described for Exp. 1.
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Ruminal Evacuation
On d 15, 29, 44, and 58 before feeding (0800 h) rumen contents were emptied
manually through the cannula, mixed, and weighed. Ruminal fill and DM analysis
procedures followed Exp. 1.

Statistical Analysis
Calculations and statistical analysis were same as described in Exp. 1 for water
consumption, DM Intake, and serum prolactin. Additionally, orthogonal polynomial
contrasts in SAS 9.4 with animal as a random effect and dose and seed treatment as fixed
effects were used to determine effect of dose on frequency of contractions, amplitude of
contractions, and ruminal content measurements.

Results
Experiment 1
Table 3.1 shows average DM Intake, water consumption, and prolactin
concentration for steers dosed with E+ and E- tall fescue seed for 21 days. There was a
seed by day effect (P = 0.012) seen on prolactin concentration with E+ steers having
lower concentration than E- on d 14 and 21 (Figure 3.1).
There was no difference in DM intake between treatments due to pair feeding on
all but 1 day of motility collection (Figure 3.2); however, there was a difference (P <
0.001) in intake by day, with d 7 having the lowest intake (4.04 ± 0.65 kg). A seed x day
effect (P = 0.013) was seen on DM intake, with E+ steers consuming more than E- steers
on d 11 of treatment (Figure 3.2). Average 24-h water intake was not different between
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treatments (E+: 21.92 ± 3.17 L and E-: 26.71 ± 3.17 L). Average 24-h water intake did
exhibit a day effect (P < 0.0001) with d 7 having the lowest consumption (18.51 ± 2.44 L
consumed) (Figure 3.3A). There was a seed by day effect seen (P = 0.002) for water
consumption measured in the mornings before data collection (0800 h - 1200 h). The Esteers had greater water intake than E+ d 5 - 21. Additionally, E+ had the lowest water
intake before motility collection on d 7 (1.7 ± 2.05 L) (Figure 3.3B). Water intake during
motility collection (1200 h - 2000 h) was not different between treatments, but different
between days (P < 0.0001) and was lowest on d 7 (7.05 ± 1.34 L) (Figure 3.3C).
Analysis of rumen evacuation data is shown in Table 3.2. The E+ steers had
increased rumen content DM percentage (P = 0.046) and a greater rumen content DM
weight (P = 0.049) compared to E-. There was a tendency (P = 0.064 and P = 0.057,
respectively) for both g rumen content DM per kg BW (E-: 14.14 ± 1.44 g; E+: 19.98 ±
1.44 g) and g rumen content DM per kg intake (E-: 643.27.17 ± 60.59 g; E+: 902.35 ±
60.59 g) to be higher for steers on E+ treatment.
Motility data are shown in Table 3.3. A seed (P = 0.051) effect on frequency of
contractions was seen with E+ steers having a greater frequency than E- steers (1.27 ±
0.06 contractions per min and 0.93 ± 0.06 contractions per min, respectively) (Figure
3.4A). Additionally, a day effect was seen (P = 0.020) with both treatments having the
lowest occurrence of contractions on d 7 (0.84 ± 0.10 contractions per min). A seed x day
interaction was seen (P = 0.023) with E- steers having greater amplitude of contraction
on d 7 and 9 than E+ steers (Figure 3.4B).
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Experiment 2
Table 3.4 shows average DM intake, water consumption, and prolactin
concentration for steers dosed with E+ and E- tall fescue seed for 57 days. A tendency (P
= 0.106) for a seed type effect on prolactin concentration was seen (E+: 3.54 ± 7.27
ng/mL and E-: 39.95 ± 7.27 ng/mL). E+ steers had lower serum prolactin concentration
than E- during doses 0 vs. 10, 15, and 20µg /kg BW, however, standard error was highly
variable.
There was no difference in DM intake (P = 0.962) between seed type due to pair
feeding, however, there was a dose of seed effect (P = 0.046) with a decrease in DM
intake seen at the higher dosages (Figure 3.6). During days of motility collection, 24-h
water intake was not different between seed types (P = 0.751; E-: 39.94 ± 4.68 L and E+:
42.68 ± 4.68 L). Daily water intake was different between dose levels (P < 0.0001), with
a linear increase in intake seen (P = 0.001) as dose of seed increased (Table 3.5; Figure
3.7A). No difference was seen in water intake before motility collection (0800 h - 1200
h) between treatments (E-: 21.50 ± 5.63 L; E+: 13.29 ± 5.63 L) or dosage (Figure 3.7B).
Water intake during motility collection (1200 h - 2000 h) showed a seed by dose
interaction (P = 0.001; E-: 15.96 ± 4.09 L; E+: 20.23 ± 4.09 L) with E+ linearly (P =
0.023) increasing water consumption as dose increased (Figure 3.7C).
Mean values from rumen evacuation analysis are shown in Table 3.6. Total
weight of rumen content displayed a tendency for a seed by dose interaction (P = 0.062)
(E-: 37.75 ± 1.41 kg; E+: 42.46 ± 1.41 kg) with a linear (P = 0.011) trend seen in the E+
group increasing total weight of ruminal fill as dose increased (Table 3.7). Rumen DM
content weight exhibited a seed by dose interaction (P = 0.052) (E-: 5.47 ± 0.27 kg; E+:
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6.37 ± 0.27 kg), with a tendency for a linear decrease as dose level increased (P = 0.062)
in the E- steers (Table 3.7; Figure 3.8A). Both g rumen DM per kg BW (E-: 15.21 ± 1.28
g; E+: 17.28 ± 1.28 g) and g rumen DM per kg DM intake (E-: 671.37 ± 27.16 g; E+:
792.66 ± 27.16 g) exhibited a seed by dose interaction (P = 0.011). A tendency (P =
0.076) for a linear decrease in g rumen content DM per kg BW was seen in E- steers as
dose level increased (Table 3.7; Figure 3.8B). A quadratic increase (P = 0.012) was seen
in the E+ group with increasing g rumen DM per kg DM intake with increasing dose
level (Table 3.7; Figure 3.8C).
Table 3.8 shows mean motility data. There was no difference (P = 0.137) between
type of seed on frequency of contractions (E-: 1.71 ± 0.12 contractions per min; E+: 1.19
± 0.126 contractions per min), but a dose level (P = 0.018) effect was seen. A quadratic
dose effect (P = 0.005) was seen (Figure 3.9A). There was no effect of treatment (P =
0.951) on amplitude of contraction (E-: 8.06 ± 0.42 mmHg; E+: 8.10 ± 0.42 mmHg);
however, a dose level effect was observed (P = 0.005). A linear, quadratic, and cubic
dose effects (P = 0.005, P = 0.012, P = 0.028, respectively) were seen. To prevent overfitting, a quadratic trend was used to show the relationship between dose and amplitude
of contractions (Figure 3.9B).

Discussion
The purpose of the current study was to determine the length of time (Exp. 1) and
concentration (Exp. 2) of ergovaline + ergovalinine needed to impact rumen motility of
steers intraruminally dosed with tall fescue seed using a wireless telemetry and pressure
transducer system. Research on the effects of ergot alkaloids on rumen motility is limited,
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especially in cattle. To our knowledge the only previous research has focused on sheep
and was conducted using intravenous injection of purified ergovaline and ergotamine
with motility measured using electromyography (McLeay and Smith, 2006; Poole et al.,
2009); however, the route of administration could be a major driving factor in the effects
seen. Egert et al. (2014) evaluated a wireless telemetry system to monitor rumen motility
in cattle ruminally dosed with tall fescue seed. Unlike previous methods, this system
allowed the cattle to move freely while simultaneously collecting real-time pressure
changes within the rumen.
A previous study (Koontz et al., 2012) demonstrated that ruminal dosing of
endophyte-infected tall fescue seed was an effective model for fescue toxicosis in cattle
by eliciting similar physiological indicators as purified seed extract. Previous
experiments using 8µg (Kim et al., 2013) or 15µg (Foote et al., 2013) ergovaline +
ergovalinine per kg BW of intraruminally dosed ground fescue seed at thermoneutral
conditions successfully induced toxicosis in cattle. However, Egert et al. (2014b) was
unable to induce toxicosis with 10µg ergovaline + ergovalinine per kg BW, therefore, a
higher dose of 20µg ergovaline + ergovalinine per kg BW was used in Exp. 1 to ensure
cattle were experiencing acute fescue toxicosis. Furthermore, a titration study (Exp. 2)
was conducted to determine a minimum concentration of ergovaline + ergovalinine that
will impact motility.

Serum Prolactin
A commonly used indicator of fescue toxicosis in cattle consuming endophyteinfected tall fescue forage or seed is a reduced serum prolactin level (Schillo et al., 1988;

55

Aldrich et al., 1993; Koontz et al., 2012; Aiken et al., 2013; Foote et al., 2013). Prolactin
secretion is controlled via dopamine, a strong inhibitor of secretion (Paterson et al.,
1995). The similarity between the ergoline ring in ergot alkaloids and dopamine allows
the alkaloids to bind to D2-dopamine receptors (Berde and Stürmer, 1978; Goldstein et
al., 1980) and suppress the levels of prolactin secreted. In Experiment 1 serum prolactin
levels of E+ steers decreased as days on trial increased and in the second experiment,
prolactin levels decreased in treated animals as dose level increased. In sheep, increased
dopamine has been shown to reduce frequency of primary contractions when injected
intravenously (Bueno et al., 1983; Sorraing et al., 1984) via inhibition of reticular
contractions and increased muscular tone of the rumen. Dopamine also reduces the
amplitude of secondary contractions, with normal motility reestablished after conclusion
of dopamine infusion (Sorraing, et al 1984).

DM Intake
Ergot alkaloids can also act as agonists on serotongenic receptors (Dyer, 1993)
which has been shown to depress intake through increasing satiety signaling (Simansky,
1995). Through visual observation, E- steers tended to consume their meal immediately
upon receiving it, whereas the E+ steers would take longer to consume their feed
throughout the day. Similar results were presented in the Egert et al. (2014b) study. The
assumption can be made that E- cattle would consume more if DM intake was not
restricted to their pair. This would mean that E+ cattle reduced intake (compared to the
control) as time on treatment and concentration of ergot alkaloid increased. The reduced
intake could be due to increased ruminal fill, which increases distention and stimulates
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satiety centers (Church, 1988). Similar to previous experiments (Goetsch et al., 1987;
Aldrich et al., 1993; Koontz et al., 2012; Egert et al., 2014b), the exposure to ergot
alkaloids depressed intake.

Water Intake
There was no difference seen in 24-h water intake between treatments on days of
motility collection in both experiments, which is similar to the Aldrich et al. (1993)
findings. In Exp. 1, E- steers increased water intake before motility collections (0800 h 1200 h) as days on trial increased compared to E+, findings similar to Egert et al.,
(2014b), who reported a tendency for greater water consumption in E- steers the first 8 h
after feeding. Comparable to Egert et al. (2014), in Exp. 1 there was no difference in
water intake between treatments during motility collection. However, Exp. 2 had a seed x
dose interaction with E+ steers increasing water intake during motility collection as dose
of ergot alkaloid increased. The difference in water consumption between treatments may
result from changes in eating times or rate of eating. For example, the E+ steers ate more
slowly and shifted their intake to the later part of the day that would most likely increase
water consumption during that time also (Church, 1988).

Ruminal Contents
In both experiments, DM percentage of the rumen contents, when expressed as a
fraction of BW (g rumen content DM/kg BW) and as a fraction of intake (g DM/kg DM
Intake) were higher in the E+ steers. Similar to the current study, previous work has also
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shown that ruminal DM content is increased with E+ treatments (Hannah et al., 1990;
Foote et al., 2013; Kim et al., 2013; Koontz et al; 2015).
Goetsch et al., (1987) determined that fluid passage rate decreased with
consumption of endophyte-infected hay and particulate passage rate was correlated to the
DM intake rate when fed ad libtum and was slower for endophyte-infected hay diets than
control. However, Hannah et al. (1990) was able to demonstrate that, in restricted-fed
sheep, ruminal fluid volume decreased linearly and fluid dilution rate and fluid outflow
rate increased linearly with increasing concentrations of ergovaline consumed when
compared to control. Yet, particulate passage rate was unaltered by ergovaline, which
could lead to an increased DM proportion of ruminal contents. These findings lead to the
hypothesis by Hannah et al. (1990) of increased water intake or increased ruminal
contractions occur with exposure to ergovaline. Koontz et al. (2015) found that in cattle,
particulate passage rate decreased and liquid passage rate tended to decrease with
endophyte treatment resulting in greater DM percentage and DM weight of rumen
contents.

Ruminal Contraction Frequency and Amplitude
Ruminal cannulation has been shown to alter rumen motility in cattle. In a 1971
study, Mooney et al. (1971), found that cannulation did not affect the frequency of
contractions during eating or rumination, but lowered the number of contractions per
minute during rest. Additionally, non-cannulated animals had greater amplitude of
contractions during eating, but cannulation did not alter amplitude during rumination or
rest.

58

Averages presented by Church (1988), show intact cattle have 1.2 contractions
per minute with amplitude of 18.2 mmHg during rest, 2.0 contractions per min with
amplitude of 22.1 mmHg while eating, and 1.1 contractions per min with amplitude of
10.4 mmHg throughout rumination. Cannulated cattle have 1.4 contractions per min with
amplitude of 5.9 mmHg while at rest, 2.0 contractions per minute with amplitude of 9.4
mmHg throughout eating, and 1.1 contractions per minute with amplitude of 10.9 mmHg
during rumination. The frequencies seen in this study (Exp. 1: 0.95 - 1.27 contractions
per min; Exp. 2: 1.23 - 1.67 contractions per min) were similar to the range of previously
reported frequencies (Church, 1988), unlike Egert et al. (2014b) who saw much higher
frequencies. However, the current study did not report motility data for eating, resting,
and rumination; rather quantified daily averages.
Unlike previous studies (McLeay and Smith, 2006; Poole et al., 2009) that
reported an immediate decrease in cyclical contractions, during Exp. 1, E+ steers had
more frequent contractions and no treatment effect in frequencies was seen in Exp. 2. In
Exp. 1 there was a day effect, with the lowest DM intake days (d 7 - 9) having the lowest
number of frequencies. A similar effect was shown in Exp. 2, with the higher dose of
ergot alkaloids decreasing DM intake and having the lowest frequencies of contractions
on those days. Egert et al. (2014c) saw similar results with day having a significant effect
on frequency of contractions, and E+ steers tending to have more frequent contractions
on d 11 of motility collection, however, the concentration of ergot alkaloids was lower
than in the current study.
As stated before, similarities between the ergoline ring of ergot alkaloids and
dopamine and serotonin enables ergot alkaloids to bind dopamine and serotonergic
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receptors (Berde and Strumer, 1978; Thompson and Stuedemann, 1993, Talley, 1992).
Dopamine and serotonin are two of the many neurotransmitters that regulates appetite in
mammals which can lead to the depressed DM intake and alteration in contractions seen
which coincided with the lower intakes (Simansky, 1995; Berde and Strumer, 1978;
Thompson and Stuedemann, 1993).
Utilizing water-filled balloons and pressure transducers, Dewysen et al. (1987)
demonstrated that an increase in the number of strong reticulo-ruminal contractions was
seen as gram of DM intake increased in dairy heifers. In the current study, DM intake
decreased with days of exposure to seed treatments, but was similar between treatments
due to pair feeding. Despite the decreasing intake the DM proportion of the ruminal
content increased with E+ treatment when compared to the control. A comparison could
be made between the increased voluntary DM intake in Dewysen’s study (which would
increase the DM content of the ruminal fill) and the increased DM content of the rumen
in this study and explain the increased number of contractions seen. In sheep, increased
artificial ruminal fill depressed intake and increased the number of contractions per
minute during rumination (Baumont et al., 1990). Additionally, the removal of rumen
contents in ruminally fistulated cattle resulted in significant decrease in frequency of
contractions measured via a diaphragm and kymograph (Attebery and Johnson, 1969).
Again, in the current study, there was increased frequency of contractions when
the DM content of rumen fill increased. All these findings support the hypothesis by
Hannah et al. (1990), that to decrease the amount of liquid in ruminal contents (i.e.
increase the liquid outflow and liquid dilution rate), an increase in number of contractions
per minute must occur if water consumption is similar between treatments.
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In both Exp. 1 and Exp. 2, the average amplitude of ruminal contractions seen in
both treatments is similar to previously reported amplitude for fistulated cattle (Church,
1988; Egert et al, 2014c). Exp. 1, had no treatment effect, however, there was a day by
treatment effect, with E- cattle having greater amplitude of contraction d 7 and d 9 (which
coincides with the lowest intake days). In Exp. 2, a quadratic effect of dose level was
seen with the lowest dose showing highest amplitude, which coincided with increased
DM intake for both treatments.
An early study by Attebery and Johnson (1969) revealed that fasting declined the
amplitude of contractions indicating that the feed material is necessary for a normal
contraction cycle in cattle. Introduction of mechanical stimulation or the presence of feed
inserted directly into the rumen of completely liquid fed sheep has been show to induce a
rumination pattern, leading to the conclusion that the intensity of stimulation of the
rumen by feed particles (dependent on rumen fill) increases the intensity of contractions
(Baumont et al., 1990). Previous studies with fasted sheep have also indicated that
animals treated with ergovaline increase amplitude of contraction once the cyclical
contractions return to normal (McLeay and Smith, 2006; Poole et al., 2009). However,
the increased amplitude in the current study could be a factor of the increased rumen fill
in the E+ steers.
The differences seen between the sheep (McLeay and Smith, 2006; Poole et al.,
2009) and cattle studies (Egert et al., 2014c; current study) could be due to method of
motility collection (electrode vs. pressure transducer), measurement taken (phasic or
tonic vs. primary or secondary contraction), length of collection period, time relative to
eating, and intake levels; the sheep were not fed during the collection period.
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Conclusion
In the first experiment, endophyte-infected tall fescue seed treatment dosed at
20µg ergovaline + ergovalinine / kg BW was able to successfully induce fescue toxicosis
when dosed for 21 days at thermoneutral conditions and alter ruminal kinetics and fill as
measured by the rumen DM content. Additionally, E+ steers had more frequent
contractions per minute and lower amplitude of contractions on reduced intake days.
Within 7 days of treatment, cattle reduced DM intake dramatically (approximately 50%
of d 1 intake), however, began to gradually increase intake over the remainder of the
experiment. In the second experiment, differing serum prolactin levels between treatment
and control indicate that tall fescue toxicosis was induced at the dose level of 10µg
ergovaline + ergovalinine / kg BW. Ruminal fill DM content was altered at 15 µg
ergovaline + ergovalinine / kg BW, with E+ steers having greater DM per kg BW and
DM intake. At the dose level of 15 µg ergovaline + ergovalinine / kg BW ruminal DM
content on a BW and DM intake basis were increased in the E+ steers, likely a result of
altered ruminal motility (Hannah et al., 1990; Koontz et al., 2015).
However, in both current experiments major alterations in ruminal kinetics
coincided with changes in DM intake. Previous studies have shown that in both sheep
(Baumont et al., 1990) and cattle (Attebery and Johnson, 1969; Dewysen et al., 1987)
alterations in DM intake and rumen physical fill will alter frequency and amplitude of
rumen contractions. Since pair feeding was utilized in the current study, the changes in
frequency and amplitude of contractions seen in the control cattle could have been caused
by the involuntary reduced DM intake treatments and could cause the magnitude of
difference between control and treated steers to not be fully depicted.
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Table 3.1: Mean results for serum prolactin concentration, DM intake, and water
consumption measured for 21 days in E- and E+ tall fescue seed treated steers.
Treatment
P-value
SEM3
1
2
E+
ESeed
Day
Seed x Day
Item
Serum prolactin, ng/ML

6.74

22.69

6.24

0.121

0.0524

0.0122

DM Intake, kg

5.72

5.76

0.24

0.902

<0.0001

0.013

24-h Water Intake, L 21.92

26.71

3.17

0.363

<0.0001

0.641

14.55

1.53

0.022

<0.0001

0.002

Water Intake (1200-2000), L 10.41 11.08
E+ = Endophyte-infected tall fescue seed
2
E- = Endophyte-free tall fescue seed
3
SEM = standard error of the mean, n = 8

1.35

0.751

<0.0001

0.395

Water Intake (0800-1200), L

5.13

1
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Table 3.2: Mean results for rumen content analysis for steers treated with E+ and E- tall
fescue seed for 21 days.
Treatment
E+
ESEM1
P-value
Item
Rumen Content, kg
32.64
35.15
0.99
0.171
Rumen Content, DM%
17.56
11.73
1.25
0.046
Rumen DM Content, kg
5.81
4.11
0.37
0.049
Rumen Wet Content, kg
26.83
31.04
1.33
0.112
g rumen content DM per kg BW
19.98
14.14
1.44
0.064
g rumen content DM per kg DM Intake 902.35
643.27
60.59
0.057
1
SEM = standard error of the mean, n = 8
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Table 3.3: Mean results for rumen motility contraction variables measured for 21 days in
E- and E+ tall fescue seed treated steers.
Treatment
P-value
SEM1
E+
ESeed
Day
Seed x Day
Item
Amplitude, mmHG 8.11 8.15 0.28 0.928 0.334
0.023
Frequency, contractions per min 1.27 0.96
1

SEM = standard error of the mean, n = 8
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0.07

0.051

0.020

0.683

Table 3.4: Mean results for serum prolactin concentration, DM intake, and water
consumption measured for 57 days in E- and E+ tall fescue seed treated steers.
Treatment
P-value
SEM1
E+
ESeed
Dose
Seed x Dose
Item

1

Serum prolactin, ng/mL

3.54

39.95

7.27

0.106

0.315

0.281

DM Intake, kg

8.14

8.15

0.19

0.962

0.046

0.351

24-h Water Intake, L 42.68 39.94

4.68

0.751

< 0.0001

0.302

Water Intake (0800-1200), L 13.29 21.50

5.63

0.490

0.808

0.716

Water Intake (1200-2000), L 20.23 15.96
SEM = standard error of the mean, n = 4

4.09

0.595

0.048

0.001
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DM Intake, kg
24-h Water Intake, L
Water Intake
(0800-1200), L
Water Intake
(1200-2000), L

Item
0.936
0.064
0.536
0.122

0.865
0.170

Quadratic

0.105
0.001

Linear

0.960

0.502

0.113
0.284

Cubic

Contrasts on Dose Level P-value

0.023

0.098

E+
Linear Quadratic

0.327

Cubic

0.363

0.625

ELinear Quadratic

0.510

Cubic

Contrasts on Dose Level within Seed Type P-value

Table 3.5: Orthogonal polynomial contrasts on DM Intake and water consumption measured for 57 days in E- and E+ tall fescue seed
treated steers.
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1

37.75

42.46
15.14
6.37
36.10
17.28
792.66

Item
Rumen Content, kg

Rumen Content, DM%

Rumen DM Content, kg

Rumen Wet Content, kg

g rumen content DM per kg BW

g rumen content DM per kg DM Intake
SEM = standard error of the mean, n = 4

671.37

15.21

32.28

5.47

14.41

E-

E+

27.16

1.28

1.68

0.27

1.31

1.41

SEM1

0.195

0.456

0.354

0.257

0.756

0.254

Seed

0.045

0.022

0.524

0.197

0.192

0.551

Dose

Table 3.6: Mean results for rumen content analysis for steers treated with E+ and E- tall fescue seed for 57 days.
Treatment
P-value

0.011

0.011

0.109

0.052

0.979

0.062

Seed x Dose
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0.053

0.011
0.470
0.176
0.016
0.890
0.008

Rumen Content, DM%

Rumen DM Contents, kg

Rumen Wet Contents, kg

g rumen content DM per kg BW

g rumen content DM per kg DM
Intake
0.012

0.320

0.086

0.234

0.937

Quadratic

Linear

Item
Rumen Content, kg

E+

0.778

0.444

0.129

0.592

0.277

0.141

Cubic

0.154

0.076

0.440

0.062

0.244

0.309

Linear

0.860

0.721

0.865

0.939

0.867

0.877

Quadratic

E-

0.200

0.137

0.661

0.097

0.234

0.498

Cubic

Table 3.7: Orthogonal polynomial contrasts on rumen content analysis for steers treated with E+ and E- tall fescue seed for 57 days.
Contrasts on Dose Level within Seed Type P-value
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Table 3.8: Mean results for rumen motility contraction variables measured for 57 days in E- and E+ tall fescue seed treated steers.
Treatment
P-value
Contrasts on Dose Level
SEM1
E+
ESeed
Dose
Seed x Dose
Linear
Quadratic Cubic
Item
Amplitude, mmHG 8.10
8.06
0.42
0.951
0.005
0.309
0.005
0.012
0.028
Frequency, contractions per min 1.23
1.67
0.07
0.137
0.018
0.483
0.111
0.005
0.313
1
SEM = standard error of the mean, n = 8

Figure 3.1: Experiment 1 mean serum prolactin concentrations for E+ (n = 4) and E- (n =
4) ruminally dosed with ground tall fescue seed for 21 days. A seed x day effect (P =
0.012) was seen with E+ steers having lower prolactin concentration on d 14 and 21.
*

Seed x Day: (P = 0.012)

40.0

Prolactin Conc., ng/mL

35.0
30.0

*

25.0

E+

20.0

E-

15.0
10.0
5.0
0.0
1

7

14
Day

Days denoted with ‘*’ show statistical difference (P <0.05) between treatments
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Figure 3.2: Experiment 1 mean daily DM Intake for E+ (n = 4) and E- (n = 4) ruminally
dosed with ground tall fescue seed for 21 days. An intake by day effect (P < 0.001) was
seen with d 7 having the lowest intake. A seed x day effect (P = 0.013) was seen on DM
intake, with E+ steers consuming more than E- steers on d 11 of treatment.
Seed x Day: (P = 0.013)
9
8

DM Intake, kg

7
*

6
5

E+
4

E-

3
2
1
0
1

3

5

7

9

11

13

Day
Days denoted with ‘*’ show statistical difference (P < 0.05) between treatments
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15

17

19

21

Figure 3.3: Experiment 1 mean water intake for E+ (n = 4) and E- (n = 4) ruminally
dosed with ground tall fescue seed for 21 days.
A.) A a day effect (P < 0.0001) on 24-hr water intake was seen with lowest water
consumption for both treatments on d 7.
B.) There was a seed x day effect (P < 0.0001) on water consumption before motility
collection (0800 h - 1200 h) with E- steers increasing intake as days on trial advanced and
E+ having lowest water intake on d 7.
C.) Water intake during motility collection (1200 h - 2000 h) was not different between
treatments, but different between days (P < 0.0001) and was lowest on d 7.
A.
Day: (P <0.0001)
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Figure 3.4: Experiment 1 mean ruminal contraction variables for E+ (n = 4) and E- (n =
4) ruminally dosed with ground tall fescue seed for 21 days.
A.) A day (P = 0.020) effect on frequency of contractions was seen with the lowest
occurrence of contractions on d 7.
B.) A seed x day interaction was seen (P = 0.023) with E- steers having greater amplitude
of contraction on d 7 and 9 than E+ steers.
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Figure 3.5: Experiment 2 mean serum prolactin concentrations for E+ (n = 2) and E- (n =
2) ruminally dosed with ground tall fescue seed for 57 days. A tendency for a seed effect
(P = 0.106) was seen with E+ steers having lower prolactin concentration at 3 highest
doses.
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Figure 3.6: Experiment 2 mean daily DM Intake for steers E+ (n = 2) and E- (n = 2)
ruminally dosed with ground tall fescue seed for 57 days. There was significant (P =
0.046) dose effect with a decrease in intake seen at higher dose levels.
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Figure 3.7. Experiment 2 mean water intake for E+ (n = 2) and E- (n = 2) ruminally
dosed with ground tall fescue seed for 57 days.
A.) 24-h water intake was not different between seed treatments, but increased linearly (P
< 0.0001) as dose increased.
24-h water intake = 36.05 + 0.42*dose
B.) No difference was seen in water intake before motility collection (0800 h - 1200 h)
between treatments or dosage level.
C.) Water intake during motility collection (1200 h - 2000 h) showed seed x dose
interaction (P = 0.001) with E+ linearly (P = 0.023) increasing water consumption
compared to E- as dose increased.
E+ water intake (1200h - 2000h) = 16.10 + .33*dose
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Figure 3.8: Experiment 2 mean ruminal content variables for E+ (n = 2) and E- (n = 2)
ruminally dosed with ground tall fescue seed for 57 days.
A.) DM weight of rumen contents exhibited a seed x dose interaction (P = 0.052), with a
tendency for negative linear trend (P = 0.062) seen in the E- steers.
B.) g rumen content DM per kg BW exhibited a seed x dose interaction (P = 0.011) with
a tendency (P = 0.076) for a linear trend with decreasing g rumen content DM per kg BW
in control steers as dose increased.
C.) g rumen content DM per kg DM Intake exhibited a seed x dose interaction (P =
0.011). A linear trend (P = 0.035) was seen in the treatment group with increasing g
rumen DM per kg DM Intake with increasing dose.
E+ g rumen content DM per kg DM Intake = 939.22 - 250.77*dose + 63.46*dose2
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Figure 3.9: Experiment 2 mean ruminal contraction variables for E+ (n = 2) and E- (n =
2) ruminally dosed with ground tall fescue seed for 57 days.
A.) A quadratic dose effect (P = 0.005) was seen on frequency of contractions.
Frequency = 2.72 - 0.23*dose + 0.01*dose2
B.) Linear, quadratic, and cubic dose effects (P = 0.005, P = 0.012, P = 0.028,
respectively) were seen. A quadratic trend was used to show the relationship.
Amplitude of contraction = 10.19 - 1.66*dose + 0.27*dose2
A.
Dose: (P = 0.005)
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Chapter 4: Summary and Conclusions
The mutualistic relationship between Festuca arundinacea (tall fescue) and the
fungi Neotyphodium coenphialum increases abiotic and biotic stress tolerance for the
forage (Bacon, 1993). This resistance to unfavorable growing conditions has made tall
fescue a cool-season forage predominantly grown in the southeastern region of the United
States (Buckner and Bush, 1979; Pedersen, et al., 1990). However, the loss of livestock
production, illness, and other negative effects associated with the endophyte costs United
States producers (cattle, equine, and small ruminants) up to $1 billion annually (Roberts
and Andrae, 2010 and Strickland et al., 2011).
Production problems associated with consumption of tall fescue generally have
been categorized as one of three disorders: fescue foot, bovine fat necrosis, and 'summer
slump' or 'summer syndrome’, now known as fescue toxicosis (Schmidt and Osborn,
1993). Typically seen in the summer months, the major production problem associated
with fescue toxicosis appears as decreased DM intake and reduced average daily gains.
Affected cattle also have intolerance to higher ambient temperatures accompanying an
inability to shed a rough, thick winter coat, elevated rectal temperatures (hyperthermia),
higher respiration rates, and excessive salvation (Bush et al., 1979; Hemken et al., 1981;
Hoveland et al., 1983; Schmidt and Osborn, 1993).
Ergot alkaloids produced by the fungus, specifically ergovaline and ergovalinine,
are responsible for causing fescue toxicosis symptoms seen in cattle (Berde and Stürmer,
1978). The alkaloids are liberated, degraded (Westendorf et al., 1993; Moyer et al., 1993;
DeLorme et al., 2007), and absorbed in the rumen (Hill et al. 2011; Ayers et al., 2009).
However, the presence of the alkaloids does not alter degradation of feedstuffs, nitrogen
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retention, or energy balance, (Koontz et al., 2015). The similarity between the ergoline
ring seen in ergot alkaloids and serotonin, dopamine, norepinephrine, epinephrine, and
noradrenaline (Strickland et al, 2011; Berde and Strumer, 1978) allows the alkaloids to
bind to these biogenic amine receptors and elicit negative effects in cattle consuming the
infected fescue (Strickland et al, 2011). Dopamine, noradrenaline, and serotonin are all
neurotransmitters that regulate appetite, cardiovascular function, endocrine activity,
gastrointestinal motility, muscle contraction, and thermo regulation in mammals (Berde
and Strumer, 1978; Thompson and Stuedemann, 1993). Since the rumen is the primary
site of alkaloid absorption (Hill et al. 2011; Ayers et al., 2009), liberated alkaloids could
potentially directly interfere with the neuro-control of forestomach motility.
Nevertheless, much of the research on the underlying mechanisms of tall fescue
toxicosis has focused on the vasoconstrictive properties of the ergot alkaloids (Klotz et
al., 2007; Aiken et al., 2009; Foote et al., 2011, 2012; Egert et al., 2014b) and the
alteration of circulating hormone levels (Berde and Strumer, 1978; Thompson and
Stuedemann, 1993) as the main causes of the clinical symptoms. Vasoconstriction is seen
in the ruminal artery and vein in cattle consuming ergot alkaloids (Foote et al., 2011) and
could lead to a reduction in blood flow to or from the rumen, reducing the absorption
rates of nutrients and fermentative end products of digestion leading to lower animal
productivity.
However, it has already been demonstrated in small ruminants that ergot alkaloids
lead to the alteration of liquid passage and dilution rate (Hannah et al., 1990). In
restricted-fed sheep, ruminal fluid volume decreased linearly and fluid dilution rate and
fluid outflow rate increased linearly with increasing concentrations of ergovaline. Yet,
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particulate passage rate was unaltered by ergovaline, which could lead to an increased
DM proportion of ruminal contents. Goetsch et al., (1987) determined that, in cattle, fluid
passage rate decreased with consumption of endophyte-infected hay, however, particulate
passage rate was correlated to the DM intake rate when fed ad libtum. From this
evidence, it has been hypothesized that the increased rate of fluid dilution and outflow
was a result of either increased water consumption or due to more frequent ruminal
contractions.
More recent studies indicate that exposure to ergovaline does in fact alter rumen
motility in sheep and cattle. In sheep, intravenously administered ergovaline resulted in
an immediate decrease in frequency of cyclical reticulo-rumen contractions followed by
an increase in baseline tonus and reticulum contraction amplitude after frequency
returned to baseline (McLeay and Smith, 2006). Additionally, in vitro exposure of ovine
reticulum tissue to ergovaline led to an increase in tonic contraction and amplitude of
phasic contractions (Poole et al., 2009). However, both these models could have
impractical results due to route of administration of the alkaloids. It has been shown that
endophyte consumption does alter particulate passage and liquid flow rate in cattle and
both are decreased with the presence of ergot alkaloids (Koontz et al., 2015).
Unlike previous methods to measure rumen motility, Egert et al. (2014c) was able
to develop a non-invasive procedure to monitor real-time rumen motility. This method,
coupled with intraruminal dosing of endophyte-infected tall fescue seed known to induce
fescue toxicosis symptoms (Koontz et al., 2012)) was utilized to produce an accurate
model of rumen motility during fescue toxicosis. Since Egert et al. (2014c) were not able
to induce toxicosis in steers; this was the first study of its kind to investigate alteration of
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rumen motility in cattle experiencing fescue toxicosis. It was demonstrated that cattle
treated with the endophyte-infected seed did have altered ruminal DM content when
compared to the control, which could result in changed passage rates (not measured in the
present study).
However, it is possible that the effects of DM intake could be responsible for the
changed ruminal kinetic seen. Within 7 days of treatment, cattle reduced DM intake
dramatically (approximately 50% of d 1 intake). Additionally, at a dose of 15 µg
ergovaline + ergovalinine / kg BW DM intake was depressed and ruminal DM content
altered. On a BW and DM intake basis, g rumen content DM were increased in E+ steers
when compared to control, likely a result of altered ruminal kinetics (Hannah et al., 1990;
Koontz et al., 2015).
The minimal differences in motility seen between the treatments and the large
difference between day and dose level for amplitude and frequency of contractions could
be due to the reduced intake seen. Introduction of mechanical stimulation or the presence
of feed inserted directly into the rumen of completely liquid fed sheep has been show to
induce a rumination pattern, leading to the conclusion that the intensity of stimulation of
the rumen by feed particles (dependent on rumen fill) increases the intensity of
contractions (Baumont et al., 1990). Since the cattle were pair fed, the restricted feed
intake in control animals (and lower ruminal fill) could lead to the suppressed kinetics
seen in both the control and treatment group and not fully describe the altered motility
seen in cattle experiencing fescue toxicosis. Moving forward, future research should
focus on describing alteration in rumen motility on non-restricted fed cattle since intake
rate and amount are both known to change contraction frequency and amplitude.

87

LITERATURE CITED
Aiken, G. E., Kirch, B. H., Strickland, J. R., Bush, L. P., Looper, M. L., & Schrick, F. N.
(2007). Hemodynamic responses of the caudal artery to toxic tall fescue in beef
heifers. Journal of Animal Science, 85(9), 2337-2345.
Aiken, G. E., Klotz, J. L., Johnson, J. M., Strickland, J. R., & Schrick, F. N. (2013).
Postgraze assessment of toxicosis symptoms for steers grazed on toxic endophyteinfected tall fescue pasture. Journal of Animal Science, 91(12), 5878-5884.
Aiken, G. E., Strickland, J. R., Looper, M. L., Bush, L. P., & Schrick, F. N. (2009).
Hemodynamics are altered in the caudal artery of beef heifers fed different ergot
alkaloid concentrations. Journal of Animal Science, 87(6), 2142-2150.
Aiken, G. E., & Strickland, J. R. (2013). Forages and Pastures Symposium: Managing the
tall fescue–fungal endophyte symbiosis for optimum forage-animal
production. Journal of animal science, 91(5), 2369-2378.
Aldrich, C. G., Paterson, J. A., Tate, J. L., & Kerley, M. S. (1993). The effects of
endophyte-infected tall fescue consumption on diet utilization and thermal
regulation in cattle. Journal of Animal Science, 71(1), 164-170.
ANKOM. (2011a). ANKOM Technology method 5: Acid detergent fiber in feeds filter
bag technique (for A200, A2001). ANKOM Technology, Macedon, NY.
ANKOM. (2011b). ANKOM Technology method 6: Neutral detergent fiber in feeds filter
bag technique (for A200, A2001). ANKOM Technology, Macedon, NY.
AOAC. (2012). Official Methods of Analysis of AOAC International. Method 990.03.
19th edition. AOAC International, Gaithersburg, Maryland, USA.
Attebery, J. T., & Johnson, H. D. (1969). Effects of environmental temperature,
controlled feeding and fasting on rumen motility. Journal of animal
science, 29(5), 734-737.
Ayers, A. W., Hill, N. S., Rottinghaus, G. E., Stuedemann, J. A., Thompson, F. N.,
Purinton, P. T., & Ensley, D. (2009). Ruminal metabolism and transport of tall
fescue ergot alkaloids. Crop Science, 49(6), 2309-2316.
Bacon, C. W. (1993). Abiotic stress tolerances (moisture, nutrients) and photosynthesis in
endophyte-infected tall fescue. Agriculture, ecosystems & environment, 44(1),
123-141.
Bacon, C. W., Porter, J. K., Robbins, J. D., & Luttrell, E. S. (1977). Epichloe typhina
from toxic tall fescue grasses. Applied and Environmental Microbiology, 34(5),
576-581.

88

Ball, D., Lacefield, G. D., & Hoveland, C. S. (1991). The tall fescue endophyte.
Agriculture and Natural Resources Publications. Paper 33.
Ball, D. M. (1997). Significance of endophyte toxicosis and current practices in dealing
with the problem in the United States. In Neotyphodium/Grass Interactions (pp.
395-410). Springer US.
Baumont, R., Malbert, C. H., & Ruckebusch, Y. (1990). Mechanical stimulation of rumen
fill and alimentary behaviour in sheep. Animal Production, 50(01), 123-128.
Berde, B., & Stürmer, E. (1978). Introduction to the pharmacology of ergot alkaloids and
related compounds as a basis of their therapeutic application. In Ergot Alkaloids
and Related Compounds (pp. 1-28). Springer Berlin Heidelberg.
Blankenship, J. D., Houseknecht, J. B., Pal, S., Bush, L. P., Grossman, R. B., & Schardl,
C. L. (2005). Biosynthetic precursors of fungal pyrrolizidines, the loline
alkaloids. Chembiochem,6 (6), 1016-1022.
Bond, J., Powell, J. B., & Weinland, B. T. (1984a). Behavior of steers grazing several
varieties of tall fescue during summer conditions. Agronomy Journal, 76(4), 707709.
Bond, J., Powell, J. B., Undersander, D. J., Moe, P. W., Tyrrell, H. F., & Oltjen, R. R.
(1984b). Forage composition and growth and physiological characteristics of
cattle grazing several varieties of tall fescue during summer conditions. Journal of
Animal Science, 59(3), 584-593.
Bolt, D. J., Bond, J., & Elsasser, T. (1983). Changes in plasma prolactin and grazing
behavior in heifers treated with dopamine antagonist while grazing tall fescue and
orchardgrass pasture. Journal of Animal Science, 57(Suppl 1), 48.
Browning, R. (2003). Tall fescue endophyte toxicosis in beef cattle: Clinical mode of
action and potential mitigation through cattle genetics. In Proceedings 35th
Annual Research Symposium and Annual Meeting, Beef Improvement
Federation (pp. 28-31).
Buck, G. W., West, C. P., & Elbersen, H. W. (1997). Endophyte effect on drought
tolerance in diverse Festuca species. In Neotyphodium/Grass Interactions (pp.
141-143). Springer US.
Buckner, R.C. and L.P. Bush. (1979). Preface. In: R.C. Buckner, L.P. Bush, editors, Tall
Fescue, Agron. Monogr. 20: xii-xiv.
Buckner, R.C., J.B. Powell, R.V. Frakes. (1979). Adaptation. In: R.C. Buckner, L.P.
Bush, editors, Tall Fescue, Agron. Monogr. 20: 1-8.

89

Bueno, L., Sorraing, J. M., & Fioramonti, J. (1983). Influence of dopamine on rumino‐
reticular motility and rumination in sheep. Journal of Veterinary Pharmacology
and Therapeutics, 6(2), 93-98.
Burke, J. M., Brauer, D. K., & Looper, M. L. (2004). Calving rate and production
responses of long-term exposure to endophyte-infected tall fescue. In American
Society of Animal Science Annual Meeting (Vol. 82, No. Supplement 1, p. 90).
Burns, J.C. (2009). Nutritive value. In: H.A. Fribourg, D.B. Hannaway, C.P. West,
editors, Tall Fescue for the Twenty-first Century, Agron. Monogr 159-201.
Burns, J.C. and D.S. Chamblee. (1979). Historical Development. In: R. C. Buckner, L. P.
Bush, editors, Tall Fescue, Agron. Monogr. 20: 1-8.
Burns, J. C., Chamblee, D. S., & Giesbrecht, F. G. (2002). Defoliation intensity effects on
season-long dry matter distribution and nutritive value of tall fescue. Crop
Science, 42(4), 1274-1284.
Bush, L.P., Boling, J.A. and Yates, S.G. (1979). Animal disorders. In: R.C. Buckner and
L.P. Bush editors, Tall Fescue, Agron. Monogr. 20: 247-292.
Bush, L. & Fannin, F.F.N. (2009). Alkaloids. In: H.A. Fribourg, D.B. Hannaway, C.P.
West, editors, Tall Fescue for the Twenty-first Century, Agron. Monogr
Bush, L. P., Wilkinson, H. H., & Schardl, C. L. (1997). Bioprotective alkaloids of grassfungal endophyte symbioses. Plant Physiology, 114(1), 1.
Caldwell, J. D., Coffey, K. P., Jennings, J. A., Philipp, D., Young, A. N., Tucker, J. D., &
Savin, M. C. (2013). Performance by spring and fall-calving cows grazing with
full, limited, or no access to toxic-infected tall fescue. Journal of Animal
Science, 91(1), 465-476.
Callow, M. N., Lowe, K. F., Bowdler, T. M., Lowe, S. A., & Gobius, N. R. (2003). Dry
matter yield, forage quality and persistence of tall fescue (Festuca arundinacea)
cultivars compared with perennial ryegrass (Lolium perenne) in a subtropical
environment. Animal Production Science, 43(9), 1093-1099.
Carrow, R. N., & Duncan, R. R. (2003). Improving drought resistance and persistence in
turf-type tall fescue. Crop Science, 43(3), 978-984.
Clay, K. (1987). Effects of fungal endophytes on the seed and seedling biology of Lolium
perenne and Festuca arundinacea. Oecologia, 73(3), 358-362.
Clay, K. (1988). Fungal endophytes of grasses: a defensive mutualism between plants
and fungi. Ecology, 69(1), 10-16.
Cheplick, G. P., & Clay, K. (1988). Acquired chemical defenses in grasses: the role of
fungal endophytes. Oikos, 309-318.
90

Cheplick, G. P., Clay, K., & Marks, S. (1989). Interactions between infection by
endophytic fungi and nutrient limitation in the grasses Lolium perenne and
Festuca arundinacea. New Phytologist, 111(1), 89-97.
Church, D. C. (1988). Motility of the Gastro-Intestinal Tract in The Ruminant Animal.
Digestive Physiology and Nutrition. (pp. 64-107). Englewood Cliffs, New Jersey:
Prentice Hall.
Coffey, K. P., Lomas, L. W., & Moyer, J. L. (1990). Grazing and subsequent feedlot
performance by steers that grazed different types of fescue pasture. Journal of
Production Agriculture, 3(4), 415-420.
Cole, N. A., Stuedemann, J. A., Purdy, C. W., & Hutcheson, D. P. (1987). Influence of
endophyte in tall fescue pastures on the feedlot performance of feeder
steers. Journal of Animal Science (USA).
Cook, W. O., Richard, J. L., Osweiler, G. D., & Trampel, D. W. (1986). Clinical and
pathologic changes in acute bovine aflatoxicosis: Rumen motility and tissue and
fluid concentrations of anatoxins Bj and Mj. American Journal of Veterinary
Research, 47(8), 1817.
Cowan, J.R. (1956). Tall Fescue. Adv. Agron. 8:283-320.
Crawford, K. M., Land, J. M., & Rudgers, J. A. (2010). Fungal endophytes of native
grasses decrease insect herbivore preference and performance. Oecologia, 164(2),
431-444.
Crichlow, E. C., & Chaplin, R. K. (1985). Ruminal lactic acidosis: relationship of
forestomach motility to nondissociated volatile fatty acids levels. American
Journal of Veterinary Research, 46(9), 1908-1911.
Daniel, R. C. (1983). Motility of the rumen and abomasum during
hypocalcaemia. Canadian Journal of Comparative Medicine, 47(3), 276.
De Lorme, M. J. M., Lodge-Ivey, S. L., & Craig, A. M. (2007). Physiological and
digestive effects of-infected tall fescue fed to lambs. Journal of Animal
Science, 85(5), 1199-1206.
Deswysen, A. G., Ellis, W. C., & Pond, K. R. (1987). Interrelationships among voluntary
intake, eating and ruminating behavior and ruminal motility of heifers fed corn
silage. Journal of Animal Science, 64(3), 835-841.
Duckett, S. K., Bondurant, J. A., Andrae, J. G., Carter, J., Pringle, T. D., McCann, M. A.,
& Gill, D. (2001). Effect of grazing tall fescue endophyte types on subsequent
feedlot performance and carcass quality. Journal of Animal Science 79 (Suppl 1),
221.

91

Dyer, D. C. (1993). Evidence that ergovaline acts on serotonin receptors. Life
Sciences, 53(14), PL223-PL228.
Egert, Amanda M., "EFFECT OF DIETARY EXPOSURE TO ERGOT ALKALOIDS
ON CONTRACTILITY OF BOVINE MESENTERIC VASCULATURE AND
RUMEN MOTILITY" (2014a).Theses and Dissertations--Animal and Food
Sciences. Paper 40. http://uknowledge.uky.edu/animalsci_etds/40
Egert, A. M., Kim, D. H., Schrick, F. N., Harmon, D. L., & Klotz, J. L. (2014b). Dietary
exposure to ergot alkaloids decreases contractility of bovine mesenteric
vasculature. Journal of Animal Science, 92(4), 1768-1779.
Egert, A. M., Klotz, J. L., McLeod, K. R., & Harmon, D. L. (2014c). Development of a
methodology to measure the effect of ergot alkaloids on forestomach motility
using real-time wireless telemetry. Frontiers in chemistry, 2..
Fergus, E.N. (1952). Kentucky 31 fescue- culture and use. Kentucky Agri. Ext. Circ. 497.
Fergus, E.N., & Buckner, R.C. (1972). Registration of Kentucky 31 Tall Fescue (Reg.
No. 7). Crop Science, 12(5), 714.
Flieger, M., Wurst, M., & Shelby, R. (1997). Ergot alkaloids—sources, structures and
analytical methods. Folia Microbiologica, 42(1), 3-30.
Finkes, L. K., Cady, A. B., Mulroy, J. C., Clay, K., & Rudgers, J. A. (2006). Plant–
fungus mutualism affects spider composition in successional fields. Ecology
Letters, 9(3), 347-356.
Foote, A. P., Harmon, D. L., Strickland, J. R., Bush, L. P., & Klotz, J. L. (2011). Effect of
ergot alkaloids on contractility of bovine right ruminal artery and vein. Journal of
animal science, 89(9), 2944-2949.
Foote, A. P., Harmon, D. L., Brown, K. R., Strickland, J. R., McLeod, K. R., Bush, L. P.,
& Klotz, J. L. (2012). Constriction of bovine vasculature caused by endophyteinfected tall fescue seed extract is similar to pure ergovaline. Journal of Animal
Science, 90(5), 1603-1609.
Foote, A. P., Kristensen, N. B., Klotz, J. L., Kim, D. H., Koontz, A. F., McLeod, K. R., &
Harmon, D. L. (2013). Ergot alkaloids from endophyte-infected tall fescue
decrease reticuloruminal epithelial blood flow and volatile fatty acid absorption
from the washed reticulorumen. Journal of Animal Science, 91(11), 5366-5378.
Foote, A., Penner, G., Walpole, M., Klotz, J., Brown, K., Bush, L., & Harmon, D. (2014).
Acute exposure to ergot alkaloids from endophyte-infected tall fescue does not
alter absorptive or barrier function of the isolated bovine ruminal
epithelium. Animal, 8(7), 1106-1112.

92

Ge, Y., & Wang, Z. (2007). Tall Fescue (Festuca arundiancea Schreb.) In:
Agrobacterium Protocols (2nd ed.,Vol. 2, Methods in Molecular Biology).
Totowa, NJ: Humana Press. 75-81.
Goetsch, A. L., Jones, A. L., Stokes, S. R., Beers, K. W., & Piper, E. L. (1987). Intake,
digestion, passage rate and serum prolactin in growing dairy steers fed endophyteinfected fescue with noninfected fescue, clover or wheat straw. Journal of Animal
Science, 64(6), 1759-1768.
Goldstein, M., Lew, J. Y., Sauter, A., & Lieberman, A. (1979). The affinities of ergot
compounds for dopamine agonist and dopamine antagonist receptor
sites. Advances in Biochemical Psychopharmacology, 23, 75-82.
Goodman, A. A. (1952). Fescue foot in cattle in Colorado. Journal of the American
Veterinary Medical Association, 121(907), 289-290.
Guerre, P. (2015). Ergot alkaloids produced by endophytic fungi of the genus
Epichloë. Toxins, 7(3), 773-790.
Gunter, S. A., & Beck, P. A. (2004). Novel endophyte-infected tall fescue for growing
beef cattle. Journal of Animal Science, 82(13_suppl), E75-E82.
Grewal, S. K., Grewal, P. S., & Gaugler, R. (1995). Endophytes of fescue grasses
enhance susceptibility of Popillia japonica larvae to an entomopathogenic
nematode. Entomologia Experimentalis et Applicata, 74(3), 219-224.
Hannah, S. M., Paterson, J. A., Williams, J. E., Kerley, M. S., & Miner, J. L. (1990).
Effects of increasing dietary levels of endophyte-infected tall fescue seed on diet
digestibility and ruminal kinetics in sheep. Journal of Animal Science, 68(6),
1693-1701.
Hannaway, D. B., Fransen, S., Cropper, J. B., Teel, M., Chaney, T., Griggs, T. D., ... &
Klinger, R. (1999). Tall fescue (Festuca arundinacea Schreb.). [Corvallis, Or.]:
Oregon State University Extension Service;[Pullman, Wash.]: Washington State
University Cooperative Extension;[Moscow, Idaho]: University of Idaho
Cooperative Extension Service.
Hellebust, J. A. (1976). Osmoregulation. Annual Review of Plant Physiology, 27(1), 485505.
Hemken, R. W., Boling, J. A., Bull, L. S., Hatton, R. H., Buckner, R. C., & Bush, L. P.
(1981). Interaction of environmental temperature and anti-quality factors on the
severity of summer fescue toxicosis. Journal of Animal Science, 52(4), 710-714.
Hill, N. S., Thompson, F. N., Stuedemann, J. A., Rottinghaus, G. W., Ju, H. J., Dawe, D.
L., & Hiatt, E. (2001). Ergot alkaloid transport across ruminant gastric
tissues. Journal of Animal Science, 79(2), 542-549.

93

Hopkins, Andrew, Saha, Malay, and Wang, Zeng-yu. (2009). Origin and History. In:
H.A. Fribourg, D.B. Hannaway, C.P. West, editors, Tall Fescue for the Twentyfirst Century, Agron. Monogr. 53: 19-22.
Hoveland, C. S. (1993). Importance and economic significance of the Acremonium
endophytes to performance of animals and grass plant. Agriculture, Ecosystems &
Environment, 44(1-4), 3-12.
Hoveland, C. S. (2009). Origin and History. In: H.A. Fribourg, D.B. Hannaway, C.P.
West, editors, Tall Fescue for the Twenty-first Century, Agron. Monogr. 53: 3-10.
Hoveland, C. S., Schmidt, S. P., King, C. C., Odom, J. W., Clark, E. M., McGuire, J. A.,
& Holliman, J. L. (1983). Steer performance and association of Acremonium
coenophialum fungal endophyte on tall fescue pasture. Agronomy Journal, 75(5),
821-824.
Hurley, W. L., Convey, E. M., Leung, K., Edgerton, L. A., & Hemken, R. W. (1980).
Bovine Prolactin, TSH, T and T Concentrations as Affected by Tall Fescue
Summer Toxicosis and Temperature. Journal of Animal Science, 51(2), 374-379.
Johnson, M. C., Dahlman, D. L., Siegel, M. R., Bush, L. P., Latch, G. C. M., Potter, D.
A., & Varney, D. R. (1985). Insect feeding deterrents in endophyte-infected tall
fescue. Applied and Environmental Microbiology, 49(3), 568-571.
Joost, R. E. (2009). Conservation: Erosion control, soil management and remediation,
and effects on wildlife habitat. In: H.A. Fribourg, D.B. Hannaway, C.P. West,
editors, Tall Fescue for the Twenty-first Century, Agron. Monogr, 489-507.
Kallenbach, R. L. (2015). BILL E. KUNKLE INTERDISCIPLINARY BEEF
SYMPOSIUM: Coping with tall fescue toxicosis: Solutions and realities. Journal
of Animal Science, 93(12), 5487-5495.
Kim, D. H., Klotz, J. L., & Harmon, D. L. (2013). Effect of endophyte-infected tall
fescue seed on ruminal metabolism and physiology in angus steers. Journal of
Animal Science, 91(E Suppl. 2), 522.
Klotz, J. L., Bush, L. P., Smith, D. L., Shafer, W. D., Smith, L. L., Arrington, B. C., &
Strickland, J. R. (2007). Ergovaline-induced vasoconstriction in an isolated
bovine lateral saphenous vein bioassay. Journal of Animal Science, 85(9), 23302336.
Klotz, J. L., Bush, L. P., Smith, D. L., Shafer, W. D., Smith, L. L., Vevoda, Craig, A.M.,
A. C., Arrington, B.C., & Strickland, J. R. (2006). Assessment of vasoconstrictive
potential of-lysergic acid using an isolated bovine lateral saphenous vein
bioassay. Journal of Animal Science, 84(11), 3167-3175.

94

Klotz, J. L., Kirch, B. H., Aiken, G. E., Bush, L. P., & Strickland, J. R. (2009).
Bioaccumulation of ergovaline in bovine lateral saphenous veins in vitro. Journal
of animal science, 87(7), 2437-2447.
Kobel, H., & Sanglier, J. (1986). Chapter 18: Ergot Alkaloids. In Sandoz Pharmaceutical
an Old Technological Encyclopedia (pp. 569-609). Basel, Switzerland.
Koontz, A. F., Bush, L. P., Klotz, J. L., McLeod, K. R., Schrick, F. N., & Harmon, D. L.
(2012). Evaluation of a ruminally dosed tall fescue seed extract as a model for
fescue toxicosis in steers. Journal of Animal Science, 90(3), 914-921.
Koontz, A. F., Kim, D. H., McLeod, K. R., Klotz, J. L., & Harmon, D. L. (2015). Effect
of fescue toxicosis on whole body energy and nitrogen balance, in situ
degradation and ruminal passage rates in Holstein steers. Animal Production
Science, 55(8), 988-998.
Lacefield, G. D., Henning, J. C., & Phillips, T. D. (2003). Tall fescue. University of
Kentucky Agricultural Experiment State Report AGR-59.
Lamberts, S. W. J., & Macleod, R. M. (1990). Regulation of prolactin secretion at the
level of the lactotroph. Physiological Reviews, 70(2), 279-318.
Leuchtmann, A., Bacon, C. W., Schardl, C. L., White, J. F., & Tadych, M. (2014).
Nomenclatural realignment of Neotyphodium species with genus
Epichloë. Mycologia, 106(2), 202-215.
Looper, M. L., Rorie, R. W., Person, C. N., Lester, T. D., Hallford, D. M., Aiken, G. E.,
& Rosenkrans, C. F. (2009). Influence of toxic endophyte-infected fescue on
sperm characteristics and endocrine factors of yearling Brahman-influenced
bulls. Journal of Animal Science, 87(3), 1184-1191.
Maag, D. D., & Tobiska, J. W. (1956). Fescue lameness in cattle. II. Ergot alkaloids in
tall fescue grass. American Journal of Veterinary Research, 17, 202-204.
McLeay, L. M., & Smith, B. L. (2006). Effects of ergotamine and ergovaline on the
electromyographic activity of smooth muscle of the reticulum and rumen of
sheep. American Journal of Veterinary Research, 67(4), 707-714.
Mooney G. A., Radcliff H. D., Cupal J. J. (1971). Effects of fistulation on rumen
motility. Journal of Animal Science, 33, 261 (Abstr.)
Moyer, J. L., Hill, N. S., Martin, S. A., & Agee, C. S. (1993). Degradation of ergoline
alkaloids during in vitro ruminal digestion of tall fescue forage. Crop
Science, 33(2), 264-266
Nagabhyru, P., Dinkins, R. D., Wood, C. L., Bacon, C. W., & Schardl, C. L. (2013). Tall
fescue endophyte effects on tolerance to water-deficit stress. BMC Plant
Biology, 13(1), 1.
95

Nagaraja, T. G., & Titgemeyer, E. C. (2007). Ruminal acidosis in beef cattle: the current
microbiological and nutritional outlook 1, 2. Journal of Dairy Science, 90, E17E38.
Okine, E. K., Mathison, G. W., & Hardin, R. T. (1989). Effects of changes in frequency
of reticular contractions on fluid and particulate passage rates in cattle. Journal of
Animal Science, 67(12), 3388-3396.
Osborn, T. G., Schmidt, S. P., Marple, D. N., Rahe, C. H., & Steenstra, J. R. (1992).
Effect of consuming fungus-infected and fungus-free tall fescue and ergotamine
tartrate on selected physiological variables of cattle in environmentally controlled
conditions. Journal of Animal Science,70(8), 2501-2509.
Paterson, J., Forcherio, C., Larson, B., Samford, M., & Kerley, M. (1995). The effects of
fescue toxicosis on beef cattle productivity. Journal of Animal Science, 73(3),
889-898.
Pedersen, J. F., Lacefield, G. D., & Ball, D. M. (1990). A review of the agronomic
characteristics of endophyte-free and endophyte-infected tall fescue. Applied
Agricultural Research. 5(3), 188-194.
Peeters, A., Vanbellinghen, C., & Frame, J. (2004). Wild and Sown Grasses: Profiles of a
temperate species selection, ecology, biodiversity and use. Food & Agriculture
Org. 149-153.
Piper, E. L., Beers, K. W., Goetsch, A. L., & Johnson, Z. (1987). Effect of grazing
endophyte infected fescue on subsequent feedlot performance of beef
steers. Journal of Animal Science, 65(Suppl 1), 331.
Pirlo, S. D., Johnson, R. D., Voisey, C. R., Koulman, A., & Bryan, G. T. (2007).
Heterologous synthesis of the fungal alkaloid peramine. In Proc. 6th Int. Symp.
Fungal Endophytes of Grasses. NZ Grassl. Assoc. Christchurch, NZ (p. 483).
Poole, D. P., Littler, R. A., Smith, B. L., & McLeay, L. M. (2009). Effects and
mechanisms of action of the ergopeptides ergotamine and ergovaline and the
effects of peramine on reticulum motility of sheep. American Journal of
Veterinary Research, 70(2), 270-276.
Pratt, S. L., Stowe, H. M., Whitlock, B. K., Strickland, L., Miller, M., Calcatera, S. M., &
Duckett, S. K. (2015). Bulls grazing Kentucky 31 tall fescue exhibit impaired
growth, semen quality, and decreased semen freezing potential.
Theriogenology, 83(3), 408-414.
Reid, C. S. W. (1963). Diet and the motility of the forestomachs of the sheep. In Proc. NZ
Society of Animal Production. (Vol. 23, pp. 169-188).
Rhodes, M. T., Paterson, J. A., Kerley, M. S., Garner, H. E., & Laughlin, M. H. (1991).
Reduced blood flow to peripheral and core body tissues in sheep and cattle
96

induced by endophyte-infected tall fescue. Journal of Animal Science, 69(5),
2033-2043.
Richards, C. J., Pugh, R. B., & Waller, J. C. (2006). Influence of soybean hull
supplementation on rumen fermentation and digestibility in steers consuming
freshly clipped, endophyte-infected tall fescue. Journal of Animal Science, 84(3),
678-685.
Roberts, C., & Andrae, J. (2004). Tall fescue toxicosis and management. Crop
Management, 3 (1).
Roberts, C. A., & Andrae, J. G. (2010). Fescue toxicosis and management. American
Society of Agronomy.
Rogers, W. M., Roberts, C. A., Andrae, J. G., Davis, D. K., Rottinghaus, G. E., Hill, N.
S., & Spiers, D. E. (2011). Seasonal fluctuation of ergovaline and total ergot
alkaloid concentrations in tall fescue regrowth. Crop Science, 51(3), 1291-1296.
Rudgers, J. A., & Clay, K. (2007). Endophyte symbiosis with tall fescue: how strong are
the impacts on communities and ecosystems. Fungal Biology Reviews, 21(2),
107-124.
Scheneiter, J. O., Camarasa, J., Carrete, J. R., & Amendola, C. (2014). Is the nutritive
value of tall fescue (Festuca arundinacea Schreb.) related to the accumulated
forage mass? Grass and Forage Science.
Schillo, K. K., Leshin, L. S., Boling, J. A., & Gay, N. (1988). Effects of endophyteinfected fescue on concentrations of prolactin in blood sera and the anterior
pituitary and concentrations of dopamine and dopamine metabolites in brains of
steers. Journal of Animal Science, 66(3), 713-718.
Schmidt, S. P. & Osborn, T. G. (1993). Effects of endophyte-infected tall fescue on
animal performance. Agriculture, Ecosystems & Environment, 44(1), 233-262.
Seals, R. C., Schuenemann, G. M., Lemaster, W., Saxton, A. M., Waller, J. C., &
Schrick, F. N. (2005). Follicular dynamics in beef heifers consuming ergotamine
tartrate as a model of endophyte-infected tall fescue consumption. Journal of
Animal and Veterinary Advances.
Shelby, R. A., & Dalrymple, L. W. (1987). Incidence and distribution of the tall fescue
endophyte in the United States. Plant Disease, 71(9), 783-786.
Siegel, M.R., and L.P. Bush. (1996). Defensive chemicals in grass-fungal endophygte
associations. Recent Adv. Phytochem. 30:82-119.
Siegel, M.R., and L.P. Bush. (1997). Toxin production in grass/endophyte associations. p.
185-207. In G.C. Carrol and P. Tudzynski (ed.) The mycota. Vol. V. Plant
relationships, Part A. Springer-Verlag, Berlin.
97

Siegel, M. R., Johnson, M. C., Varney, D. R., Nesmith, W. C., Buckner, R. C., Bush, L.
P., & Boling, J. A. (1984). A fungal endophyte in tall fescue: incidence and
dissemination. Phytopathology, 74(8), 932-937.
Siegel, M. R., Latch, G. C. M., Bush, L. P., Fannin, F. F., Rowan, D. D., Tapper, B. A., &
Johnson, M. C. (1990). Fungal endophyte-infected grasses: alkaloid accumulation
and aphid response. Journal of Chemical Ecology, 16(12), 3301-3315.
Siegel, M. R., Varney, D. R., Johnson, M. C., Nesmith, W. C., Buckner, R. C., Bush, L.
P., & Hardison, J. R. (1984). A fungal endophyte of tall fescue: evaluation of
control methods. Phytopathology, 74(8), 937-341.
Simansky, K. J. (1995). Serotonergic control of the organization of feeding and
satiety. Behavioral Brain Research, 73(1), 37-42.
Sissons, J. W., THURSTON, S. M., & Smith, R. H. (1984). Reticular myoelectric activity
and turnover of rumen digesta in the growing steer. Canadian Journal of Animal
Science, 64(5), 70-71.
Soh, A. C., Frakes, R. V., Chilcote, D. O., & Sleper, D. A. (1984). Genetic variation in
acid detergent fiber, neutral detergent fiber, hemicellulose, crude protein, and
their relationship with in vitro dry matter digestibility in tall fescue. Crop Science,
24(4), 721-727.
Sorraing, J. M., Fioramonti, J., & Bueno, L. (1984). Effects of dopamine and serotonin on
eructation rate and ruminal motility in sheep. American Journal of Veterinary
Research, 45(5), 942-947.
Smith, D. J., and N. W. Shappell. 2002. Technical note: Epimerization of ergopeptine
alkaloids in organic and aqueous solvents. Journal of Animal Science, 80:1616–
1622.
Spyreas, G., Gibson, D. J., & Middleton, B. A. (2001). Effects of endophyte infection in
tall fescue (Festuca arundinacea: Poaceae) on community diversity. International
Journal of Plant Sciences, 162 (6), 1237-1245.
Stuedemann, J. A., Hill, N. S., Thompson, F. N., Fayrer-Hosken, R. A., Hay, W. P.,
Dawe, D. L., ... & Martin, S. A. (1998). Urinary and biliary excretion of ergot
alkaloids from steers that grazed endophyte-infected tall fescue. Journal of
Animal Science, 76(8), 2146-2154.
Strickland, J. R., Looper, M. L., Matthews, J. C., Rosenkrans, C. F., Flythe, M. D., &
Brown, K. R. (2011). Board-invited review: St. Anthony’s Fire in livestock:
causes, mechanisms, and potential solutions. Journal of Animal Science, 89(5),
1603-1626.
Tabor, Paul. (1952). Tall fescue grows up. Crops Soils 4(8), 9-11.

98

Talley, N. J. (1992). 5‐hydroxytryptamine agonists and antagonists in the modulation of
gastrointestinal motility and sensation: clinical implications. Alimentary
pharmacology & therapeutics, 6(3), 273-289.
Terrell, E. E. (1968). A taxonomic revision of the genus Lolium (Vol. 1392). US Dept. of
Agriculture.
Terrell, E.E. (1979). Taxonomy, morphology, and phylogeny. Tall Fescue, (tall fescue),
31-39.
Thompson, F. N., & Stuedemann, J. A. (1993). Pathophysiology of fescue
toxicosis. Agriculture, Ecosystems & Environment, 44(1), 263-281.
Townsend, W. E., Snook, M. E., Stuedemann, J. A., & Wilson Jr, R. L. (1987). Effect of
level of endophytic fungus infection and paddock exchange on some chemical
properties of four carcass tissues. Journal of Animal Science.
Vinall, H. N. (1909). Meadow fescue: its culture and uses (No. 361-370). US Dept. of
Agriculture.
Waghorn, G. C., & Reid, C. S. W. (1983). Rumen motility in sheep and cattle given
different diets. New Zealand Journal of Agricultural Research, 26(3), 289-295.
Watanabe, H., Somei, M., Sekihara, S. I., Nakagawa, K., & Yamada, F. (1987).
Dopamine receptor stimulating effects of chanoclavine analogues, tricyclic ergot
alkaloids, in the brain. The Japanese Journal of Pharmacology, 45(4), 501-506.
West, C. P., Oosterhuis, D. M., & Wullschleger, S.D. (1990). Osmotic adjustment in
tissues of tall fescue in response to water deficit. Environmental and Experimental
Botany, 30(2), 149-156.
Westendorf, M. L., Mitchell, G. E., & Tucker, R. E. (1992). Influence of Rumen
Fermentation on Response to Endophyte—Infected Tall Fescue Seed Measured
by a Rat Bioassay. Drug and Chemical Toxicology, 15(4), 351-364.
Westendorf, M. L., Mitchell, G. E., Tucker, R. E., Bush, L. P., Petroski, R. J., & Powell,
R. G. (1993). In vitro and in vivo ruminal and physiological responses to
endophyte-infected tall fescue. Journal of Dairy Science, 76(2), 555-563.
Yates, S. G., Plattner, R. D., & Garner, G. B. (1985). Detection of ergopeptine alkaloids
in endophyte-infected, toxic KY-31 tall fescue by mass spectrometry/mass
spectrometry. Journal of Agricultural and Food Chemistry, 33(4), 719-722.

99

VITA
Kara Marie Riccioni
Birthplace: Hunterdon County, New Jersey
Education:
2017 - 2019 (expected)

Delaware Valley University • Doylestown, Pennsylvania
Degree: Master of Business Administration
Specialization: Food and Agribusiness

2015 - 2017 (expected)

University of Kentucky • Lexington, Kentucky
Degree: Master of Science in Animal Science
Emphasis: Ruminant Nutrition
Graduate Certificate: Applied Statistics
Advisor: Dr. David L. Harmon
Thesis: Influence of ergot alkaloids on rumen motility: time
and concentration of ergovaline + ergovalinine required to
impact reticulorumen motility

2011 - 2015

The Pennsylvania State University • University Park, Pennsylvania
Degree: Bachelor of Science
Major: Agribusiness Management
Specialization: Economics
Minors: Animal Science and Agronomy

Professional Experience
2015 - 2017

Graduate Research Assistant
University of Kentucky • Lexington, Kentucky
Department of Animal and Food Science

2015 - 2017

Animal Laboratory Manager
University of Kentucky • Lexington, Kentucky
Department of Animal and Food Science

2014

Credit and Financial Service Intern
Farm Credit East, ACA • Flemington, New Jersey

Teaching Experience
2016

Animal Nutrition and Feeding Laboratory Teaching Assistant
University of Kentucky • Lexington, Kentucky

2012 - 2015

Agribusiness Problem Solving Teaching Assistant
The Pennsylvania State University • University Park, Pennsylvania
100

2012

Introductory Biology Laboratory Assistant Teaching Assistant
The Pennsylvania State University • University Park, Pennsylvania

Scholastic Honors
2017

3rd Place Poster Presentation • M.S. Division
7th Annual Poster Symposium
Animal and Food Science Graduate Student Association
University of Kentucky • Lexington, Kentucky

2016

Induction into Gamma Sigma Delta
International Honor Society for Agriculture
University of Kentucky • Lexington, Kentucky

101

